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NOTICE 


TO  THE  SUBSCRIBERS  OF  THIS  WORK. 


It  was  originally  intended,  as  announced  in  the  Prospectus,  to  issue  Ala 
work  at  the  rate  of  one  volume  a  year,  —  each  volume  to  contain  about 
three  hundred  pages,  and  twenty  plates. 

It  was  found,  however,  that  the  first  volume  was  insufficient  to  con- 
tain all  the  matter  which  the  author  at  first  designed  should  occupy  it, 
and  its  publication  was  then-fore  delayed,  so  that  the  whole  subject,  as 
completed  in  the  second  volume,  might  be  presented  at  once.  The  two 
volumes,  though  the  text  is  unequally  divided  for  convenience,  will  be 
fonnd  to  average  rather  more  than  three  hundred 

The  publication  has  been  still  further  delayed  by  the  great  care  re- 
quired in  the  execution  of  the  plates,  and  by  the  extensive  addition  to 
the  figures  which  each  plate  contains, —  there  being  at  least  double  the 
number  originally  intended,  and  the  expense  being  proportionally  increased. 

The  first  volume  does  not  contain  any  plates,  as  none  relate  exclu- 
sively  to  that  volume  ;  the  second  contains  thirty-four,  all  that  the  subject 
requires.  To  make  up  the  average  of  twenty  plates  to  a  volume,  six 
additional  ones  will  be  given  in  the  third  volume,  the  subject  of  which 
requires  a  very  full  illustration. 
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P  R  EFACE, 


Perhaps  I  cannot  bettor  express  my  deep  sense  of  the  generosity  with  which  my  labors 
in  America  have  been  supported,  than  by  a  simple  narrative  of  the  manner  in  which  I 
have  collected  the  materials  for  the  scries,  of  which  this  volume  is  the  first,  and  of  the 
growth  and  progress  of  the  plan  for  its  publication. 

Since  the  time  of  my  arrival  in  this  country,  now  eleven  years  ago,  I  have  lost  no 
opportunity  of  making  collections  wherever  my  lecturing  excursions  led  me  ;  and,  by  my 
own  efforts,  and  by  the  friendly  aid  of  persons  throughout  the  United  States,  who  have 
shown  from  the  beginning  a  warm  interest  in  my  scientific  pursuits,  I  have  succeeded  in 
bringing  together  an  extensive  museum  of  purely  American  specimens.  My  opportunities 
for  investigation  were,  of  course,  daily  increased,  and  at  the  end  of  eight  or  nine  years 
1  had  on  hand  a  great  quantity  of  materials,  containing  the  results  of  my  studies  in 
this  country;  but  the  expense  attending  the  collection  and  support  of  so  large  a  museum 
more  than  exhausted  the  means  which  I  was  able  to  devote  to  it,  and  I  felt  obliged  to 
renounce  all  idea  of  publishing  the  results  of  my  lubors.  I  had  them  in  tangible  form, 
not  with  any  expectation  of  ever  seeing  them  in  print,  but  in  the  hope  that  after  my 
death  my  collections  and  papers  would  be  found  a  useful  guide  for  others,  and  might  be, 
in  the  end,  of  some  service  to  science  in  America. 

It  is  now  two  years  since,  in  conversation  with  Mr.  Francis  C.  Gray,  of  Boston, —  now 
no  longer  living  to  see  the  result  of  his  disinterested  and  generous  efforts  in  behalf  of 
science, —  I  mentioned  to  him  the  numerous  preparations  which  I  had  made  to  illustrate 
the  Natural  History  of  North  America,  and  my  regret  that  the  costliness  of  such  works 
must  prevent  the  publication  of  the  materials  I  had  collected.  He  entered  at  once  into 
the  matter  with  an  energy  and  hopefulness  which  were  most  inspiring:  spent  some  time  in 
examining  my  manuscripts;  and,  having  satsified  himself  of  the  feasibility  of  their  publica- 
tion, set  on  foot  a  subscription,  of  which  he  took  the  whole  direction  himself,  awakening 
attention  to   it   by  personal  application  to  his    friends  and  acquaintances,  by  his  own  lib- 
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end  subscription,  by  letters,  by  articles  in  the  journals,  and  by  every  means  which  the 
friendship  and  the  most  genuine  interest  in  science  could  suggest.  He  was  rewarded 
beyond  his  utmost  hope  or  mine,  by  the  generous  response  of  the  public  to  whom  he 
appealed.  We  had  fixed  upon  five  hundred  subscribers  as  the  number  necessary,  to  enter 
upon  the  publication  with  safety ;  and  we  had  hoped  that  the  list  might  perhaps  be 
increased  to  seven  or  eight  hundred.  At  this  moment  it  stands  at  twenty-five  hundred  :  a 
support  such  as  was  never  before  offered  to  any  scientific  man  for  purely  scientific  ends, 
without  any  reference  to  government  objects  or  direct  practical  aims,  —  although  I  believe 
no  scientific  investigations,  however  abstruse,  are  without  practical  results.  My  generous 
friend  did  not  live  to  witness  the  completion  of  the  first  volume  of  the  series,  which 
without  his  assistance  could  not  have  appeared,  but  he  followed  with  the  deepest  interest 
every  step  in  its  progress,  to  the  day  of  his  death;—  he  did  live,  however,  to  hear  the 
echo  which  answered  his  appeal  to  the  nation,  in  whose  love  of  culture  and  liberality 
towards  all  intellectual  objects  he  had  felt  so  much  confidence.  From  all  the  principal 
cities,  and  from  towns  and  villages  in  the  West,  which  a  few  years  since  did  not  exist ; 
from  California,  from  every  corner  of  the  United  States, —  came  not  only  names,  but 
proffers  of  assistance  in  the  way  of  collections,  and  information  respecting  the  distribution 
and  habits  of  animals,  which  have  been  of  the  utmost  assistance  in  the  progress  of  the 
work. 

It  has  been  my  wish  to  make  my  part  of  the  undertaking  worthy  of  the  interest  so  lib- 
erally shown  by  the  community  ;  and  in  this  I  have  been  greatly  assisted  by  the  liberal 
views  which  the  publishers  have  taken,  from  the  beginning,  with  regnrd  to  its  publication. 
And  now,  in  presenting  this  volume  to  tie  American  public,  I  would  take  occasion  to 
repeat,  — what  has  already  been  stated  in  a  circular  to  my  subscribers,  —  that  the  plan  of 
the  work  has  been  enlarged,  in  consequence  of  the  liberality  of  the  subscriptions,  in  a 
manner  which  has  delayed  the  publication  for  nearly  a  year,  but  which  has,  I  believe, 
made  the  book  more  valuable.  I  have  thus  been  able  to  double,  at  the  least,  the  num- 
ber of  figures  upon  most  of  the  plates,  and  to  include  in  the  text,  generalizations  which 
are  the  results  of  my  whole  scientific  life;  so  that  this  volume,  —  which,  according  to  the 
original  plan,  was  designed  to  be  one  of  special  descriptive  Zoology,  —  contains,  in  addition 
to  a  description  of  the  North  American  Turtles,  a  review  of  the  classification  of  the  whole 
animal  kingdom.  I  have  also  endeavored  to  make  it  a  text-book  of  reference  for  the 
student,  in  which  he  may  find  notices  of  all  that  has  been  accomplished  in  the  various 
departments  of  Natural  History  alluded  to,  and  which,  I  trust,  young  American  naturalists 
will  take  not  only  as  an  indication  of  what  has  been  done,  but  as  an  earnest  of  what 
remains  to   be  done,  in  the  fields  now  open  to  our  investigation. 

In  consequence  of  these  additions,  the  first  volume  is  more  bulky  than  was  intended,  but 
contains  no  plates;  while  the  second,  in  order  to  avoid  mixing  heterogeneous  subjects,  had 
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to  be  brought  to  a  close  before  its  size  amounted  to  what  it  should  In- ;  but  in  the 
needing  volume*  full  compensation  \vill   be  made  for  this,  and   measures  taken   to  bring 
them  forward  with  more  promptitude. 

With  reference  to  the  future  progress  of  Zoology  in  this  country,  it  is  particularly 
desirable  that  investigators  should  not  allow  themselves  to  be  carried  away  by  the  almost 
inexhaustible  diversity  of  species,  so  as  to  confine  their  efforts  to  describing  merely  what 
is  new,  for  however  desirable  it  may  be  that  all  our  species  should  be  correctly  named, 
deaeribedi  and  delineated,  such  labors  are,  in  fact,  only  the  preliminary  steps  towards  deeper 
and  more  philosophical  studies ;  ami  the  sooner  attention  is  turned  to  the  mode  of 
life  of  all  our  animals,  to  their  geographical  distribution,  their  natural  affinities,  their 
internal  structure,  their  embryonic  growth,  and  to  the  study  of  fossil  remains,  the  sooner 
will  the  investigations  of  American  naturalists  contribute  largely  to  the  real  advancement 
of  science,  aud  the  investigators  themselves  acquire  an  independent  standing  among  scien- 
tific men.  I  am  well  aware,  while  writing  this,  that  then;  are  already  many  who  pursue 
the  study  in  that  truly  scientific  spirit  which  has  brought  Natural  History  to  its  present 
prosperous  state;  my  remarks,  therefore,  do  not  apply  to  these  noble  devotees  of  truth. 
But  I  know  equally  well,  that  there  are  too  many  who  fancy  that  describing  a  new 
species,  and  hurrying  to  the  press  n  hasty  aud  mostly  insufficient  diagnosis,  is  a  real 
scientific  achievement.  These  I  would  wurn  from  the  deceptive  path,  adding,  that  a  long 
experience  has  taught  me  that  nothing  was  ever  lost  to  an  investigator  by  covering,  as 
far  as  |Kissible,  the  whole  ground  of  any  subject  of  inquiry ;  and  that,  though  at  times  a 
subject  may  seem  to  have  lost  some  of  its  value  for  being  less  novel,  it  generally  gains 
tenfold  in  scientific  importance  by  being  presented  in  the  fullest  light  of  all  its  natural 
relations.  It  is  chiefly  this  conviction  which  has  induced  me  to  keep  to  myself  for  so 
many  years  the  results  of  my  investigations  in  this  country;  and  if,  in  the  course  of  this 
publication,  I  am  occasionally  coiiqiclled  to  offer  fragmentary  information  upon  many  parts 
of  my  subject,  it  is  simply  because  the  time  has  come  with  me  when  I  must  publish  what 
I  have  been  able  to  observe,  if   I  would  publish  at  all. 

SS.' mdiuavia,  (lennany,  and  France  atford  us  striking  examples  of  the  new  impulse 
science  has  received,  in  consequence  of  the  gradual  exhaustion  of  the  field  afforded  them  for 
descriptive  Zoology.  As  soon  as  most  of  the  species  of  these  countries  had  been  described, 
after  Linmeus  had  begun  to  register  systematically  the  whole  animal  kingdom,  those  who 
were  denied  the  opportunity  of  visiting  foreign  countries,  or  of  receiving  large  supplies  of 
new  species  from  distant  lands,  applied  themselves  to  the  investigation  of  the  internal 
structure  of  the  animals  already  described,  and  to  the  study  of  their  habits,  their  metamor- 
phoses, their  embryonic  growth,  etc.  Never  did  Zoology  receive  a  more  important  impulse  than 
at  the  time  when  German  students  began  to  trace  with  untiring  zeal  the  earliest  development 
of  all  the  classes  of  the  animal  kingdom,  and  some  Scandinavian  observers  pointed  out  the 
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wonderful  phenomena  of  alternate  generations;  and,  if  we  would  not  remain  behind  in  the 
generous  rate  now  running  in  science,  we  must  take  good  care,  while  we  investigate  our 
Fauna  and  describe  our  new  species,  to  combine  the  investigation  with  all  those  considera- 
tions which  give  true  dignity  to  science,  and  raise  it  above  the  play  of  the  mere  collector. 

I  must  beg  my  European  readers  to  remember,  that  this  work  is  written  in  America, 
and  more  ('specially  for  America  ;  and  that  the  community  to  which  it  is  particularly 
addressed  has  very  different  wants  from  those  of  the  reading  public,  in  Europe.  There  is 
not  a  class  of  learned  men  here,  distinct  from  the  other  cultivated  members  of  the  com- 
munity. On  the  contrary,  so  general  is  the  desire  for  knowledge,  that  I  expect  to  we  my 
book  read  by  operatives,  by  fishermen,  by  farmers,  quite  as  extensively  as  bv  the  students 
in  our  colleges,  or  by  the  learned  professions ;  and  it  is  but  proper  that  I  should  endeavor 
to  make  myself  understood  by  all. 

Lieber,  —  whose  testimony  cannot  be  questioned,  as,  like  myself,  he  did  not  first  see 
the  light  of  day  in  America,  —  justly  remarks,  what  is  particularly  true  of  the  United 
States,  « that  one  of  the  characteristic  features  of  the  nineteenth  century  iu  the  great 
history  of  the  western  Caucasian  race,  is  a  yearning  for  knowledge  and  culture  far  more 
general  than  has  ever  existed  at  any  previous  period  on  the  one  hand,  and  on  the  other 
a  readiness  and  corresponding  desire  in  the  votaries  of  knowledge  "to  diffuse  it,  —  to  make 
the  many  millions  share  in  its  treasures  and  benefits."1 

It  must  not  be  overlooked  also,  that,  while  our  scientific  libraries  arc  still  very  defective, 
there  is  a  class  of  elementary  works  upon  Natural  History  widely  circulated  iu  Euro|>e,  and 
accompanied  with  numerous  illustrations,  which  are  still  entirely  unknown  in  this  country. 
In  most  of  our  public  libraries  there  are  no  copies  of  such  works  as  Swummcrdam, 
Roesel,  Reaumur,  Lyonet,  etc.,  nor  any  thing,  within  the  reach  of  the  young,  like  those 
innumerable  popular  publications,  such  us  Storm's  Fauna,  the  Insect  Almaiuuhs,  Bcrtuch'a 
Bilderbuch,  and  the  neatly  illustrated  school-books  published  in  Esslingen,  or  like  the  scries 
of  valuable  treatises  illustrating  the  Natural  History  of  England,  and  the  popular  sea-side 
books,  which,  in  the  Old  World,  are  to  be  found  iu  the  hands  of  every  child.  The  only 
good  book  upon  Insects  in  general,  yet  printed  in  America,  is  u  Harris's  Treatise  on  the 
Insects  injurious  to  Vegetation  in  Massachusetts";  and  that  book  does  not  contain  even  a 
single  wood-cut  There  has  not  yet  been  published  a  single  text-book  embracing  the 
whole  animal  kingdom.  This  may  explain  the  necessity  I  have  felt  of  introducing  fre- 
quently in  my  illustrations,  details  which,  to  a  professional  naturalist,  might  seem  entirely 
out  of  place. 

I  have  a  few  words  more  to  say  respecting  the  first  two  volumes,  now  ready  for  pub- 
lication.    Considering  the  uncertainty  of  human    life,  I  have  wished  to  bring  out  at  once 
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a  work  that  would  exemplify  the  nature  of  the  investigations  I  have  heen  tracing  during 
the  last  ten  years,  and  show  what  is  likely  U)  be  the  character  of  the  whole  series.  I 
have  aimed,  therefore,  in  preparing  these  two  volumes,  to  combine  them  in  such  a  manner 
as  that  they  should  form  a  whole.  The  First  Fart  contains  an  exposition  of  the  general  views 
I  have  arrived  at,  thus  far,  ill  my  studies  of  Natural  History.  The  Second  Fart  shows 
how  I  have  attempted  to  apply  these  results  to  the  special  study  of  Zoology,  taking  the 
order  of  Trstudinata  as  an  example.  I  believe,  that,  in  America,  where  Turtles  arc  every- 
where common  and  greatly  diversified,  a  student  could  not  make  a  better  beginning  than 
by  a  careful  |K»rusal  of  this  part  of  my  work,  specimens  in  hand,  with  constant  reference 
to  the  second  chapter  of  the  First  Part.  The  Third  Part  exemplifies  the  bearing  of  Embry- 
ology upon  these  general  questions,  while  it  contains  the  fullest  illustration  of  the  embry- 
onic growth  of  the  Tcstudinata. 

As  stated  above,  I  have  received  contributions  from  every  part  of  tin'  country,  and  upon 
the  most  diversified  subjects,  relating  to  my  studies,  which  I  shall  mention  in  their  proper 
place  in  the  course  of  the  publication  of  my  work,  and  give  to  all  due  credit  for  their 
assistance.  For  the  present,  I  must  limit  myself  to  returning  my  special  thanks  to  those 
who  have  materially  contributed  to  the  preparation  of  the  first  two  volumes,  now  about 
to  be  published  together. 

Above  all,  I  must  mention  the  Smithsonian  Institution,  whose  officers,  in  the  true 
spirit  of  its  founder,  have  largely  contributed  to  the  advancement  of  my  researches,  by 
forwarding  to  me  for  examination,  not  only  all  the  »|>ecimens  of  Tcstudinata  collected  for 
the  museum  of  the  Institution,  but  also  those  brought  to  Washington  by  the  naturalists 
of  t ho  different  parties  that  have  explored  the  western  territories,  or  crossed  the  Continent 
With  the  view  of  determining  the  best  route  for  the  Pacific  Railroad.  These  sj>ccimeiis 
have  enabled  me  to  determine  the  geographical  distribution  of  this  order  of  Reptiles  with 
a  degree  of  precision  which  I  could  not  have  attained  without  this  assistance.  Besides  this, 
Professor  J.  Henry,  the  liberal  Secretary  of  the  Institution,  has  caused  special  collections  of 
Turtles  to  be  made  for  mc  in  those  parts  of  the  country  from  which  I  had  few  or  no 
specimens,  and  Professor  Baird  has  spared  no  pains  to  carry  out  these  benevolent  intentions. 
I  have  also  received  from  Professor  Baird  a  number  of  interesting  specimens,  which  he 
himself  collected  during  his  extensive  excursions.  To  these  gentlemen,  therefore,  I  am 
indebted  in  the  highest  degree.  Other  public  institutions  have  also  afforded  mc  valuable 
assistance.  In  Philadelphia,  I  have  been  able  to  compare  the  specimens  of  the  museum 
of  the  Academy  of  Natural  Sciences,  which  contains  the  originals  of  the  gnat  work  of 
Br.  Holhrook  on  the  Reptiles  of  North  Amcricu  The  Trustees  of  the  University  of  Oxford, 
in  Mississippi,  have  intrusted  to  me,  at  the  request  of  Dr.  L.  Harper,  the  Reptiles  of  the 


State  Survey  for  examination ;  and  la-sides  these,  I  have  received  many  valuable  s|>ecimens 
from  that  State,  through  Prof.  B.  L.  Wailes.      Prof.   Alexander  Winchell  has  also  sent  me 
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all  those  of  the  museum  of  the  University  nf  Ann  ArlM>r,  in  Michigan;  and,  through  thi* 
kindness  of  Profi-ssor  Pocy  of  tin-  University  of  Havana,  1  have  been  able  to  compare 
the  Turtles  of  the  island  of  Cuba  with  those  of  the  continent  of  North  America.  Prof. 
Jeffrie*  Wyman  has  allowed  me,  with  the  same  liberality,  the  free  use  of  the  preparations 
relating  to  Turtles  contained  in  the  museum  of  Comparative  Anatomy  of  our  University. 
1  have  also  received  valuable  specimens  for  comparison  from  the  museum  of  the  Essex 
Institute,  in  Salem. 

Among  private  individuals  who  have  largely  contributed  to  my  collection  of  Turtles,  I 
have  to  mention,  first,  Mr.  Winthrop  Sargent,  of  Natchez.  Not  satisfied  with  collecting 
extensively  the  Turtles  iu  the  neighborhood  of  his  residence,  he  undertook  a  journey 
of  many  hundred  miles  for  the  special  purpose  of  securing  all  the  s|>ecies  living  in  the 
adjoining  regions,  and,  having  completed  the  survey,  set  out  with  a  cargo  of  living  Tur- 
tles, and  brought  them  safely  alive  to  me  in  Cambridge,  after  a  journey  of  over  a  thou- 
sand miles.  Such  devotion  to  the  interests  of  science,  on  the  part  of  a  gentleman  who 
is  not  himself  a  naturalist,  deserves  more  than  a  passing  notice.     To  him   I  am  indebted 

for  the  opportunity  of  studying  several  species,  alive,  which  have  probably  never  1  u  seen 

before,  by  any  naturalist,  iu   a   fresh  state. 

It  would  be  difficult  for  me  to  convey  nn  adequate  idea  of  the  value  of  all  the  different 
contributions  I  have  received  for  thi*  part  of  my  work.  Iu  some  instances  they  consisted 
perhaps  of  a  few  specimens  of  well-known  species,  but  then  they  came  from  regions  where 
their  presence  had  not  been  ascertained  before;  or  the  specimens  were  so  numerous  as  to 
afford  ample  opportunity  to  determine  the  range  of  their  variations;  or  there  were  among 
them,  young  ones,  in  a  state  of  development  not  before  observed.  Yet  I  may  well  say, 
that,  however  numerous  have  been  the  invoices  of  Turtles  which  I  received  from  the  differ- 
ent States,  not  one  was  superfluous  ;  and  I  have  frequently  regretted  that  I  could  not  ob- 
tain more,  for  there  are  still  several  species,  the  eggs  or  the  young  of  which  I  have  not 
been  able  to  get. 

The  better  to  show  to  what  extent  these  specimens  were  sufficient  satisfactorily  to 
determine  the  geographical  distribution  of  our  Turtles,  1  will  enumerate  (hem  ill  geographi- 
cal order.  From  the  British  Provinces,  my  information  was  chiefly  derived  from  collections 
and  notices  sent  me  by  .Mr.  M.  II.  Perley,  of  St.  John,  and  Mr.  Win.  Couper,  of  Toronto. 
In  New  England,  I  have  myself  collected  largely ;  but  I  have  also  received  valuable  contri- 
butions from  the  late  Rev.  Zadock  Thompson,  of  Burlington  ;  from  Mr.  James  E.  Mills, 
of  Bangor;  from  the  late  Dr.  VV.  I.  Burnett,  of  Boston;  from  Capt.  N.  Atwood,  of  Province- 
town;  from  Mr.  D.  Henry  Thorcau,  of  Concord ;  from  Mr.  K.  W.  Putnam,  of  Salem;  from 
Mr.  Sidney  Brooks,  of  Harwich;  from  Mr.  Sanborn  Teniiey,  of  Auburndale ;  and  from  Mr.  J. 
W.  P.  .Icnks,  of  Middlcboro'.  Messrs.  Teniiey  and  Jenks  have  repeatedly  sent  me  the  Tur- 
tles of  our  neighborhood  by  hundreds.     From  the  State  of  New   York,  I  have  received  speci- 
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mens  from  Colonel  E.  Jcwctt,  of  Utica ;  from  Mr.  Albert  G.  C'urll,  of  Jericho,  Long 
Island  ;  and  from  an  anonymous  contributor  in  the  vicinity  of  Rome.  Mr.  A.  Mayor  has 
sent  me  those  of  New  Jersey,  with  interesting  remarks  upon  the  height  at  which  they  are 
found  in  the  Cooley  Mountain-'.  From  Pennsylvania,  I  have  received  very  extensive  col- 
lections nnd  highly  valuable  information.  Among  the  votaries  of  Hcrpctology,  I  must  men- 
tion, first.  Major  LeC'onte,  to  whom  science  is  indebted  for  the  first  accurate  Recount  of 
the  North  American  Testudinnta  in  general.  Next  to  him  1  am  most  indebted  to  l'rof.  S. 
S.  Huldenian.  and  to  Dr.  E.  Hallowed,  for  series  of  all  the  species  of  the  State.  Dr.  John 
I-cCoiite.  Dr.  Win.  Darlington,  and  Dr.  E.  Micheuer  have  also  sent  me  valuable  specimens 
ami  notices;  and  to  Dr.  J.  Leidy  I  owe  the  communication  of  the  fossj]  remains  of  this  oidcr 
of  Reptile*  preserved  in  the  splendid  museum  of  the  Academy  of  Natural  Sciences.  To 
l'rof.  Hnird  1  am  also  greatly  indebted  for  specimens  from  Pennsylvania  and  Western  New 
York  ;  but  especially  for  a  large  collection  of  fossil  bone*  of  Turtles  from  the  caves  near 
Carlisle. 

From    Ohio,  I  have  received  specimens   and   notices   from  Dr.  J.  P.  Kirtland,   of  East 
Rockiw.rt  :  from  Prof.  E.  B.  Andrews,  of  Marietta  ;  from  Messrs.  Jos.  Clark  ami  David  H.  Shaffer, 
of  Cincinnati  ;  and  from  Mr.  George  Clark,  of  Toledo.     From  Indiana,  from  Prof.  Iliehard 
Owen,  of  New  Harmony;  and  Mr.  F.  C.  Hill,  of  Delphi.     From  Illinois,  from  Dr.  Watson,  of 
(|nincy;  and  from  Messrs.  R.  1*.  Stevens,  T.  II.  MeChesney,  and  Robert  Kennicott.    Mr.  Kcn- 
nicott  has  furnished  me  with  interesting  data  respecting  the  geographical  distribution  of  the 
soft-shell   Turtles  in  the  tributaries  of  the   Mississippi.      From    Michigan    and   Wisconsin,  I 
have   received   very  fine    series  of  specimens,  which   have    enabled  me  to  ascertain  the  spe- 
cific difference!    that    distinguish    the  western   Chrysemyi  from    that  of  the    Eastern  States, 
and  also  numerous  specimens  of  Emys  Melcagris.     I  am  particularly  indebted  for  these  to 
Dr.   P.  R.  Hoy,  of  Racine;   to  Mr.  J.  A.  hapham,  of  Milwaukee;  to  Dr.  Manly  Miles,  of 
Flint  ;    ami   to    l'rof.  A.  Winched,  Dr.  A.  Sager,  and    Mr.  1).  M.  Johnson,  of  Ann- Arbor. 
Dr.  John   H.  Ranch,  of  Burlington,  Iowa,  has   sent    me   large  numbers  of  specimens  from 
that  State.     From  Missouri  and  Arkansas,  I  have  received  a  great  many  specimens  through 
the  kindness  of  Dr.  George-  Eugclmaun,  of  St.  I,ouis;  and  of  Mr.  George  Stolley,  now  in  Texas, 
who   Collected  very  extensively  for  me  in   the  western  and  south-western   parts  of  Missouri, 
and  later,  in  Arkansas  and  Texas.     From  the  Territory  of   Mincsotn,  Mr.  James  M.  Bar- 
nard, of  Boston,  has  secured  for  mc  a  dozen  fine  specimens  of  an  extremely  rare  species  of 
Chrysemys,  heretofore  known  from  a  single  specimen  preserved  in  the  museum  of  the  Acad- 
emy  of  Philadelphia,  and  supposed  to  have  been  found  in  Oregon.     My  acquaintance  with 
the  Tcstudinata  of  the  other  western  territories,  and  with  those  of  Delaware,  Maryland,  and 
Virginia,  is  chiefly  derived    from   the  contributions   of  the    Smithsonian  Institution,  among 
which  were  the  valuable  collections  of  Dr.  R.  O.  Abbott,  and  of  Dr.  C.  B.  Kennerley.  From 
Kentucky  and  Tennessee,  I  have  received  specimens  from  Messrs.  N.  A.  Gwyn,  H.  C.  Tay- 


Digitized  by  Google 


xiv 


PREFACE. 


lor,  Prof.  I.  D.  Lindslcy,  and  interesting  notices  from  Dr.  Samuel  Cunningham.  From 
North  Carolina,  from  Dr.  J.  II.  Gibbon,  Mr.  S.  T.  Thayer,  Dr.  C.  L.  Hunter,  Mr.  W. 
('.  Kerr,  and  Professor  Baird.  Mr.  Henry  Harrisse  has  lately  sent  me  the  drawing  of  a 
very  remarkable  young  specimen  of  Ptychcmys  concinna  with  two  distinct  heads. 

Dr.  Fdward  Holbrook,  by  his  extensive  works  upon  the  subject,  has  rendered  South 
Carolina  classic  ground  for  Herpetology  ;  and  to  him  I  am  indebted  for  the  largest  supplies 
of  the  s|H<-ies  found  in  that  State.  I  have  also  received  a  variety  of  specimens  from  Dr. 
W.  R.  Gibbs,  of  Columbia,  and  from  Mr.  Barnwell,  of  Beaufort.  From  Georgia,  I  have  re- 
ceived invaluable  contributions.  Dr.  \V.  C.  Daniell  and  Col.  A.  S.  Jones  have  caused 
specimens  to  be  collected  for  me  all  over  the  State,  while  Prof.  LeConte,  of  Athens ; 
Dr.  Wm.  Gunner,  of  Columbus  ;  Prof.  N.  A.  Pratt,  Jr.,  and  Mr.  B.  I.  King,  of  Roswell ; 
Mr.  Alex.  Gerhard!,  of  Whitfield  County;  and  Mr.  R.  H.  Gardiner,- have  sent  me  large 
numbers  of  specimens  from  their  respective  districts.  The  species  of  Alabama  have  also 
been  furnished  to  me  in  large  numbers  by  Dr.  J.  C.  Nott,  Col.  Deas,  and  Mr.  Albert 
Stein,  of  Mobile  ;  by  Mr.  Thos.  M.  Peters,  of  Moulton  ;  and  by  Mr.  Th.  P.  Hatch,  of  FW 
ence.  From  Florida,  I  have  received  interesting  specimens  from  Dr.  L.  M.  Jeffries,  of  I'en- 
nooia  :  from  Mr.  F.  Ep|>es,  of  Tallahassee ;  from  Mr.  Theodore  Lyman,  of  Boston  ;  and  from 
Mr.  F.  W.  Putnam,  of  Salem.  Numerous  as  these  invoices  were,  I  have  received  yet  more 
extensive  collections  from  Mississippi  and  Louisiana,  through  the  kindness  of  the  Rev.  Dr. 
Tho.  S.  Savage,  of  Pass  Christian  ;  Mr.  W.  Sargent,  Prof.  B.  S.  C.  Wailes,  and  Ben- 
jamin Chase,  of  Natchez ;  Dr.  L.  Harper,  of  Oxford  ;  and  Prof.  R.  H.  Chilton,  Dr.  N.  B. 
Benedict,  Dr.  B.  Dowler,  and  Mr.  T.  C.  Copes,  of  New  Orleans. 

From  Texas,  and  the  adjoining  parts  of  Mexico,  I  have  examined  the  rich  collections 
made  under  the  direction  of  Col.  Emory  during  the  boundary  survey,  and  those  secured 
by  the?  Smithsonian  Institution  from  the  late  Mr.  Berlandier.  To  the  Rev.  Edward  Fon- 
taine, of  Austin,  I  am  indebted  for  valuable  information  respecting  the  habits  of  the  large 
Snapping  Turtle  of  the  South-western  States;  and  to  Dr.  C.  B.  Kennerley  and  Mr.  George 
Stolley,  of  Williamson  County,  for  numerous  specimens.  Mr.  C.  J.  Ilering,  of  Surinam, 
has  provided  nie  with  ample  means  to  compare  the  species  of  the  northern  parts  of  South 
America  with  those  of  the  United  States  and  of  Mexico.  From  California  and  the  Gala- 
pagos Islands  I  have  also  received  extensive  collections,  especially  from  California,  through 
the  kindness  of  Messrs.  Thomas  G.  Cary,  Jr.  and  A.  F.  Branda,  of  San  Francisco,  who 
have  sent  me  beautiful  scries  of  specimens  of  the  only  fresh-water  Turtle  found  on  the  west- 
ern slope  of  the  continent  of  North  America,  and  also  specimens  of  the  Sea  Turtles  of 
the  Pacific  coast.  I  am  indebted  to  Mr.  Charles  Pickering  for  notices  respecting  the  Tur- 
tles of  Oregon  :  and  to  Mr.  Patrick  H.  Frcy,  of  New  York,  for  a  living  specimen  of  the 
large  Galapago  Turtle. 

The  notices  respecting  the  mode  of  life,  and  the  distribution  of  our  Turtles  which  were 
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sent  to  mc  by  the  Rev.  Thomas  S.  Savage  of  Pass  Christian,  the  Rev.  Edw.  Fontaine  of 
Austin,  Mr.  W.  Sargent  of  Natchez,  and  Mr.  Jenks  of  Middleboro',  are  among  the  mosr 
valuable  of  the  kind  I  have  received  ;  and  to  Mr.  Jenks  I  am  indebted  for  most  of  the 
eggs  the  development  of  which  I  have  been  able  to  trace.  For  a  number  of  jean  he 
has  provided  me  annually  with  many  hundreds  of  eggs,  of  all  our  common  species.  I 
have  also  received  many  valuable  invoices  of  eggs  from  Mr.  T.  W.  P.  Lewis,  of  Key 
West  ;  from  the  Hon.  J.  Townsend,  of  Edisto,  in  South  Carolina  ;  from  Dr.  John  Rauch,  of 
Burlington,  Iowa ;  from  Franklin  C.  Hill,  of  Logamport,  Indiana  J  from  Dr.  Miehener,  of 
Arondale,  in  Pennsylvania  ;  from  Mr.  Winthrop  Sargent,  of  Natchez  ;  from  Mr.  Eppes,  of 
Tallahassee  ;  from  Dr.  Nott,  of  Mobile  j  from  Prof.  Buird,  of  the  Smithsonian  Institution  j 
from  the  late  Rev.  Z.  Thompson,  of  Burlington,  Vermont  :  from  Dr.  A.  Sager,  of  Ann- 
Arbor;  from  Major  and  Dr.  LeConte,  of  Philadelphia;  from  Dr.  Hoy,  of  Racine;  from  the 
late  Dr.  Burnett,  of  Boston;  from  Mr.  Sanborn  Tenney,  of  Auburndale;  and  from  a  number 
of  intelligent  boys  of  the  vicinity  of  Cambridge.  I  have  myself  obtained  many  rare  eggs 
from  species  kept  alive  in  my  garden,  and  raised  a  large  number  of  young  Turtles. 

It  may  not  be  superfluous  to  state,  that  most  of  these  specimens  were  sent  alive  to 
Cambridge,  so  that  I  had  the  amplest  opportunity  of  studying  their  natural  attitudes,  their 
modes  of  moving  and  of  eating,  and  sometimes  the  manner  in  which  they  lay  their  eggs. 
I  have  of  course  availed  myself  of  these  favorable  circumstances  to  examine  and  compare 
the  largest  possible  numbers  of  specimens  of  the  same  species,  in  order  to  determine  the 
range  of  variations  of  each  of  them.  There  are  many  species,  of  which  I  have  exam- 
ined many  hundreds  of  specimens.  I  have  also  caused  innumerable  drawings  of  these 
specimens  to  be  made  by  my  tried  friend,  J.  Burkhardt,  representing  their  varieties  of  color 
and  form,  and  their  different  attitudes.  These  drawings  and  sketches  would  fill  over  one 
hundred  plates,  and  are  too  numerous  to  be  published  in  this  series ;  but  1  shall  avail 
myself  of  every  opportunity  to  publish  them,  in  the  style  of  Plates  26  and  27.  Minor 
contributions  ore  mentioned,  in  their  pro|M-r  places,  in  the  text. 

There  is  another  kind  of  assistance,  which  I  take  great  satisfaction  in  recording,  as  it 
comes  from  young  friends  and  former  pupils.  Among  them  there  is  one,  a  lineal  descend- 
ant of  one  of  the  great  patriots  of  the  American  Revolution,  whose  modesty  forbids 
that  I  should  mention  him  by  name.  On  hearing  of  my  intention  to  publish  a  work  on 
the  Natural  History  of  the  United  States,  he  immediately  came  forward  with  a  most  lib- 
eral pecuniar)'  contribution  to  my  undertaking.  From  other  pupils  I  have  derived  assistance 
in  the  prosecution  of  the  work  itself.  Mr.  James  E.  Mills,  of  Bangor,  (Maine,)  has  worked 
out  for  me  the  ipeeial  characters  of  the  families  of  the  Testudinata  ;  and  Dr.  Weinland  has 
helped  me  in  revising  the  anatomical  characters  of  the  order,  in  accordance  with  the  prin- 
ciples laid  down  in  the  First  Part  of  the  work;  while  Mr.  II.  James  Clark  has  assisted  me 
from  the  beginning  of  my  investigation  of  the  embryology  of  these  animals,  and  drawn,  with 
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untiring  patience  and  unsurpassed  accuracy,  most  of  the  microscopic  illustrations  whicfa 
adorn  my  work.  I  owe-  it  to  Mr.  Clark  to  say,  (hat  he  ha*  identified  himself  so  thoroughly 
with  my  studies  since  he  took  his  degree  in  the  Lawrence  Scientific  School,  thai  it  would 
be  difficult  for  iiu:  to  say  when  I  eeased  to  guide  him  in  his  work.  But  this  I  know 
very  well,  —  that,  he  is  now  u  most  trustworthy  observer,  fully  capable  of  tracing  for 
himself  the  minutest  microscopic  investigation]  and  the  accuracy  of  his  illustrations 
challenges  comparison.  I  esteem  myself  happy  to  have  been  able  to  secure  the  continued 
assistance  of  my  old  friend,  Mr.  A.  Sonrel,  in  drawing  the  zoological  figures  of  my  work. 
More  than  twenty  years  ago,  he  began  to  make  illustrations  for  my  Kuropcan  works  ;  and 
ever  since  he  has  been  engaged,  with  short  interruptions,  in  executing  drawings  for  me. 
The  mastery  he  has  attained  in  this  department,  and  the  elegance  and  accuracy  of  his 
lithographic  representations,  are  unsurpassed,  if  they  are  anywhere  equalled.  For  all  these 
invaluable  services,  it  is  but  justice  that  I  should  make  this  public  acknowledgment. 

As  questions  of  omission  or  oversight  may  come  up  hereafter  rcsix-cting  the  different 
topics  discussed  in  these  volumes,  it  is  proper  for  me  to  state,  that  the  printing  of  the 
text  of  the  first  volume  has  been  completed  more  than  ten  months;  indeed,  the  First  Pait 
passed  through  the  press  fifteen  months  ago.  My  object  in  delaying  its  publication  was 
chiefly  to  await  the  time  when  1  could  lay  before  my  readers  a  fair  specimen  of  the 
plates,  no  one  of  which  relates  exclusively  to  the  first  volume.  The  text  of  the  second 
volume  was  finished  in  June  last.  But  here  I  met  with  another  difficulty.  The  subject 
of  this  volume  did  not  require  a  sufficiently  large  number  of  plates  to  be  fully  equivalent 
to  that  required  for  two  volumes,  when  counting  the  plates  as  they  now  are,  as  simple 
plate.-,,  notwithstanding  the  large  increase  of  figures  crowded  upon  each,  and  it  seemed  iunp- 
propriate  to  bind  together  plates  belonging  to  different  volumes.  I  shall  therefore  have  to 
make  up  for  this  deficiency  by  a  sufficient  addition  of  plates  to  the  third  volume,  the  tub* 
jeet  of  which  naturally  requires  very  numerous  illustrations,  I  hoi>e  no  disappointment 
will  be  felt,  on  this  account,  by  my  subscribers,  for  in  the  course  pursued  by  the  pub- 
lishers and  by  myself, -they  will  readily  see  that  we  have  aimed  to  do  every  thing  in  our 
power  to  respond  to  the  liberality  of  the  subseription  :  and  1  trust  the  following  volumes 
will  afford  additional  evidence  of  this  disposition. 

LOUIS  AGASSIZ. 

CaMBKIDOK,  October  3,  1*37. 
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PART   I . 

ESSAY    OX  CLASSIFICATION. 


CHAPTER  I. 


THE  FINDAMF.NTAL  RELATIONS  OF 
THEY  LIVE,  AS  THE 


TO  ONE  ANOTHER  AND  TO  THE  WORLD  IN  WHICH 
OF  THE  NATURAL  SYSTEM  OF  ANIMALS. 


Section  1.    The  hading  features  of  a  natural  zoological 
ry<icm  are  all  founded  in  nature.  —  There  is  but  one  : 
>y  stein,  and  lliat  is  to  be  read  in  nature,  ami  was  not 
devised  by  man.   The  essential  division*  of  that  system 
rannnt  be  arliitrary,  p.  5-12. 

SECTION  2.  Simultaneous  existence  of  the  most  dirrrsifril 
type*  under  identical  circumstances.  —  Organize)  being* 
of  the  moot  different  structure  are  everywhere  found 
together,  p.  12-16. 

Section  S.  Itrpetilion  of  identical  type*  under  ike  most 
dietrsified  circumstances. —  Organized  beings  with  the 
no*  structure  occur  in  the  most  different  parts  of  the 
worM,  p.  16.  IT. 

Section  4.  L'nity  of  plan  in  otherwise  highly  diccrsijietl 
types.  —  The  greatest  diversity  of  form  and  of  compli- 
cation of  structure  may  bo  found  under  the  same  plan 
of  structure,  p.  IS,  19. 

Section  5.    Correspondence  in  the  details  of  structure  in 
animals  otherwise  entirely  disconnected.  —  Animals, 
tween  which  no  genetic  relation  can  bu  Meed,  may 
nevertheless  exhibit  the  usost  astonishing  correspond- 
ence in  the  detaiU  of  their  structure,  p.  13-21. 


SECTION  6.  Various  degrees  and  diffr  rent  kinds  of  relation- 
ship among  animals.  —  Animals  differ  from  one  another, 
not  only  in  degree;  there  are  also  different  kinds  of 
differences,  p.  21-23. 

HICTJOH  1.  Simultaneous  existence  in  the  earliest  geological 
periods  of  all  the  great  types  of  animals.  —  The  leading 
types  of  the  animal  kingdom  have  made  their  appear- 
ance upon  the  surface  of  our  globe  at  the  same 
lime,  p.  2.1-2.'.. 

Section  S.  The  gradation  of  structure  among  animals. — 
There  is  a  gradation  among  animals,  though  they  do 
not  form  one  continuous  series,  p.  20—30. 

SECTION  9-    Itnnge  of  geographical  distribution  of  animals. 

-  The  range  of  distribution  of  different  kinds  of  ani 
mnls  is  very  uneipial.    Fauna-,  p  So-,1fi. 

Section  10.    Identity  uf  structure  of  widely  diferent  tyj>es. 

—  Animals  found  within  entirely  disconnected  areai 
may  have  the  same  structure,  p.  30-40. 

Section  It.  Community  <>f  structure  among  animals  licing 
in  the  same  regmns.  —  Animals  occupying  the  same  re- 
gion exhibit  sometimes  a  remarkable  similarity  of 
structure,  p.  11—43. 
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Section-  12.  Stria!  connection  in  tht  tlrnctum  of  animals 
ritltlg  traltert.l  a  jinx  the  surface  of our  globe.  —  Animals 
living  in  different  parts  of  tin-  world  lbrui  frequently 
series  which  an-  cloudy  linked  together.  |>.  13 — 17. 

SECTloX  13.  Itelalion  lietmen  the  size  of  animal*  null  tht  ir 
structure.  —  Thou^U  apparently  of  *  Miliary  impor- 
tance, the  «ize  of  animal*  Iwars  a  Mailt  relation  to 
their  structure,  p.  l"-t». 

Section-  I  I.  Itelalion  Ar.'«vvn  the  ti:c  of  animal*  ami  the 
■nrffllini  in  vhich  theg  tit*.  —  There  is  also  a  definite 
relation  between  the  size  uf  animals  ami  the  mediums 
in  whirh  they  live,  p.  19-iO. 

SUCTION  15.  ftl'MmW)  afspenfir  peculiarities  in  all  or- 
g'luiz"!  king*. —  Immutability  of  8|>eci«*,  p.  51-Jfi. 

Section  Hi.  lltlations  l-rnwn  animal*  ami  plants  ami  lit 
surroumling  irorttl.  —  There  exist  definite  relation!  be- 
tween the  animals  and  plant-,  and  the  conditions  under 
which  they  live.    Habit,  of  animals,    p.  67-63. 

Section  17.  lltlations  of  imliculuals  lu  on*  another. — 
The  relations  in  which  indiviilual  animals  stand  to  one 
another  are  well  defined  in  nature,  p.  03-66. 

Section  IK.  Mr tamor/thoie*  of  animal*.  —  lni|iortanec  of 
Kmbryology.  Works  U|H>n  this  subject.  Polypi,  Acn- 
leplis  Rvtinodenus,  Clwn  of  itudiata.  MoIluAs, 
their  allinilies  and  development  Artirulata,  llicir 
range  and  allinilies  Worms,  Crii.tacca,  Insert*.  Ycr- 
tebrata.  Embryology  furnishes  standard.  In  determine 
the  relative  rank  among  animals  Distinction  between 
homologies  and  analogies.  Independence  of  the  devel- 
opment of  animals  from  external  causes,    p.  66-K8. 

S»h  tii  »n  if.  /'■<.'■  i.V'i.  of  I  if  —  There  i-  dm  grentori 
diversity  in  the  average  duration  of  the  life  of  different 
kind*  of  animals,  p.  «*-89. 

Section  20.  Alltrnalr  generation*. —  There  are  animals 
the  successive  generations  of  which  are  not  identical, 
though  their  differences  are  eireuuw  ribed  within  defi- 
nite cy  cles,  p.  !M>-93. 

Section  21.  Socrenaon  of  animal*  ami  plant*  in  grolng. 
ieal  limes.  —  The  succession  of  organized  lieings  in  past 
genlogic.il  ages  exhibits  biological  phenomena  of  the 
most  complicated  nature,  requiring  an  extensive  ac- 
quaintance with  Zoology,  Comparative  Anatomy,  and 
Kmbry  ology,  to  be  rightly  appreciated.  Works  re- 
lating to  the  fossil  remains  of  different  classes  and  of 
different  geological  periods  Difference  between  the 
organic  and  inorganic  kingdoms,    p.  9J-101. 

Section  22.  Lwution  of  type*  in  /Mitt  age*. —  The  goo- 
grupliii  .il  distribution  of  some  types  of  animaU  was  cir- 
cumscribed within  similar  limits  in  |xx.t  ages  and 
now,  |».  102-103. 


CONTEXTS. 

SnrTlos  23.  Limitation  of  tptcii*  to  particular  geological 
per'ucl*. —  Not  only  species,  but  all  other  groups  of  ani- 
mal, and  plants,  have  a  definite  range  of  duration, 
p.  1*4-104. 

Section  21.  Parallelism  Utireen  llir  geological  rurcetsion 
of  animal*  anil  plant*  anil  their  pretsnl  rclatire  standing. 
—  The  relative  rank  of  the  animal*  now  living  coin- 
cides with  the  order  of  succession  of  their  representa- 
tives in  past  ages,  p.  107-112. 

Section  25.  Parallelism  Itrlxrrtn  thr  grnlmjiral  succession 
of  animal*  ami  tht  tmlmjnnic  growth  of  their  tiring  rep- 
resthtaliet*.  —  The  elmngcs  which  animals  undergo 
during  their  embryonic  growth  coincide  also  with  the 
order  of  succession  of  the  fossils  of  thu  aamc  types  in 
past  ages,  p.  112-116. 

Section  26.    Prophetic  types  among  animals.  —  Distinction . 
between  prophetic,  progressive,  and  synthetic  types 
A  dccjwr  insight  into  these  relations  is  indispensable, 
in  order  Ui   appreciate  the  succession  of  organized 
being,  in  past  limes  p-  116-118. 

SECTION  27.  I'amllrlism  lirtireen  ihr  ttrnnural  gemlation 
of  animals  ami  their  tmhrgnnic  growth.  —  The  phiucs 
of  development  of  animals  coincide  with  the  different 
levels  in  the  gradation  of  their  respective  types,  p. 
118-120. 

Section  28.  liclatioti*  btttrcen  the  structure^  MirJPMNI 
groirth,  geological  succession,  ami  the  geographical  distri- 
bution of  animals.  —  The  geographical  distribution  of 
animals  upon  the  surface  of  the  globe  bears  direct  rela- 
tions to  the  rank,  the  embryonic  growth,  and  the  geo- 
logical snceession  of  their  resjieelive  type*)  p.  120-122. 

SECTION  23.  Mutual  ilepimlmcr  of  the  animal  ami  cegeta- 
Ue  lmgtloMs.  —  T\n-  animal  and  vegetable,  kingdoms 
are  dependent  upon  one  another,  and  stand  in  harmo- 
nious relation,  p.  122-123. 

Section  30.  Parotitic  animal*  ami  plants.  —  Various  do- 
gn-es  and  different  kinds  of  parasitism  among  animals 
and  plants.  Parasites  do  not  lorm  natural  groups 
p.  123-127. 

SECTION  31.  fmnbtmitum  in  time  and  space  of  various 
limit  of  relation*  among  animal*.  —  There  is  not  only  a 
striking  relation  between  the  rank  of  animal-,  their 
embryonic  growth,  their  goologieul  sueci-wion,  and  their 
geographical  distribution,  but  men  between  organized 
beings  anil  some  of  the  mcmWrs  of  our  solar  M  Mem, 
p.  127-131. 

Section  32.  JSimgiAahMM. —  Hearing  of  the  point- con- 
sidered in  the  proi-cding  Sections  ii]s>n  the  i|  not  ion  of 
the  origin  of  organized  K-ings  What  Classiltcalion 
ahould  b*.  p.  132- ISC. 
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CHAPTER  II. 

LKADING  GROWS  OK  THE  EXISTING  SYSTEMS  OF  ANIMALS. 


Section  1.  Grttti  type*  or  branehtt  of  tie  animal  kingdom. 
—  Attempt  to  define  the  fundamental  divisions  of  the 

of  the  writings  of  different  authors  with  ihu  view  of 
determining  what  are  natural  groups  among  animals. 
The  great  branches  of  the  animal  kingdom  arc  eliarac- 
tcriud  by  the  plan  of  their  structure,    p.  137-141. 

Section  i.  Clout*  of  animal*.  —  Classes  arc  natural 
divisions,  characterized  by  the  manner  in  which  the 
plan  of  their  respective  great  types  is  executed,  and  by 
the  means  employed  in  the  execution.  Structure  con* 
sidcrcd  in  different  points  of  view.    p.  145-150. 

Suction  3.    Ortier*  among  animal*. —  Orders  are  natural 

structure.  Relative  rank  or  standing  among  animals, 
p.  150^155. 

Section  4.  Families.  —  Families  are  natural  groups 
founded  upon  the  form  of  animaU.  Indefinite  use  thus 
far  made  of  the  form  in  characterizing  animals.  Im- 
pnrtaiicu  of  greater  precision  in  that  res|wct-  p. 
I5S-1C1. 

SMTlUf  6.   Gtnem.  —  Linnttus1  view  of  genera.  Lalrcillc. 


Genera  arc  natural  groups  based  npon  the  ultimate  de- 
taDs  of  structure,    p.  1«1-1G3. 

Section  C.  SprHtt.—  Generally  but  wrongly  based  upon 
feeundity.  llvbridity,  individuality,  alternate  genera- 
tions, polymorphism.  Specie*  e.xis4  in  nature  in  the 
same  manner  as  any  other  natural  groups;  they  arc 
based  upon  well  determined  relations  of  individual*  to 
one  another  and  to  the  world  around  them,  and  upon 
the  proportions,  the  ornamentation,  and  the  relations 
of  their  parts,  p.  163-170. 

Section  7.  OfAtr  natural  din/ian*  among  animal*.  —  Be- 
sides branches,  classes,  orders,  families,  genera,  and 
species,  which  express  the  fundamental  categories  of 
the  existence  of  animals,  there  occur  here  ami  there 
further  natural  subdivisions,  p.  1 70-1  72. 

Section  8.  Succetsivt  tie rtlopmenl  of  ciarartcr*.  —  In  the 
development  of  animals,  the  characteristic  feature*  do 
not  appear  in  the  order  of  their  systematic  dignity. 
Their  succession  still  requires  careful  study,  p. 
172-1 70. 

Section  9.  Conclusiot*.  —  Classification  is  a  philosophical 
study  of  the  greatest  importance,  p.  177-178. 


CHAPTER  III. 

NOTICE  OF  THE  FIUNCU'AL  SYSTEMS  OF  ZOOLOGY. 


SECTION  1.  Central  remarks  upon  miilrrn  ttplrm*.  — 
Their  aim  and  discrepancies.  Desirable  improvements. 
Limits  of  the  fundamental  division*  with  their  respec- 
tive classes.  Rhizopoda  and  Infusoria.  Kaditita,  with 
three  classes ;  Mollusks,  with  three  classes;  Articulata, 
with  three  classes ;  Vertcbrata,  with  eight  claws, 
p.  179-187. 

StxTiox  2.  Early  attempt*  to  ela**ify  animal*. —  Leading 
groups  recognized  by  Aristotle,  p.  187-189. 

Section  S.  Period  of  LinnttH*.  —  Linnieus  was  the  first 
to  present  a  definite  system  as  expressing  the  natural 
affinities  among  animals,  p.  189-192. 


Section  4.  Perioil  of  Curier,  and  anatomical  sysfrms.  — 
l*our  types  among  animals  first  rci'ognixed  by  Cuvier, 
p.  193.  Classification  of  Cuvier,  p.  194.  Irregularities 
of  this  system,  p.  195.  Classification  of  I«amarck,  p. 
IMi  It*  principle,  p.  197.  Classifi<'ation  of  DcRlain- 
ville,  p.  198.  Compared  with  those  of  Lamarck  and 
Cuvier,  p.  199.  Classification  of  Ebrcnherg,  p.  200. 
Its  principle,  p.  201.  Classification  of  Burmcistcr,  p. 
203.  Classification  of  Owen,  p.  204.  Compared  with 
UXM  of  Cuvier  and  von  Siebold,  p.  205.  Growing  re- 
semblance of  modern  systems,  p.  Ml.  Classification  of 
Milne  Edwards,  p.  207.    Classification  of  von  Sielwld 
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and  Staunius.  p.  208.  Classification  of  Leuckart,  p. 
S'l'J.  General  remarks  upon  anatomical  clarifications, 
p.  210. 

Sr.CTIi»N  .">.  Physiophiltwtphirai  nnrlem*.  —  Oken's  views 
ami  influence  upnn  the  progress  of  Zoology,  p.  211. 
Hi*  classification,  [>-  212.  Classification  of*  Fit  linger, 
p.  214.  Ckmfiration  of  McLeay,  p.  216.  Aflinily  and 
analogy,  p.  216-22". 


tion  0.  Embryological  stfuteuu. — Influence  of  Pollin- 
ger.  |>.  220.  K.  K.  von  llacr  as  a  systematic  writer,  p. 
220-226.  Ilia  classification,  p.  22S.  Classification  of 
Van  Hcneden.  p.  227.  Diagram  of  the  development  of 
animals  by  Kolliker,  |>.  220.  Classification  of  Vogt,  p. 
230.  Further  advance  in  perfecting  the  system  of 
zoology  is  chiefly  to  he  expected  from  cmbryological 


PART  II. 

NORTH   AMERICAN  TESTUDINATA. 


CHAP  T  E R   1 . 

THE  ORDER  OF  TESTCPINATA  :  ITS  RANK,  CLASSIFICATION,  ASO  GENERAL  CHARACTERS 
Section  I.    Jlankafthe  Tcslmliimta.  —  The  Tcsludinata 


an  order  in  tin*  claw  of  Reptile 


Tin-  plan 


p.  281.    Table  showing  the 
with  the  weight  of  the 


of  structure  of  the  Vertebral*.  Natural  limits  of  the 
class  of  Reptiles,    p.  2:15-240. 

.Section  2.  Special  classification  of  Tcstwlioata.  —  The 
Tcstmlinntn  constitute  two  sub-orders,  which  embrace 
several  natural  families,  p.  211-241 

Section  3.  Essential  characters  of  the  unlet  of  Tcsludi- 
nata. —  Their  essential  character  lies  not  so  much  in 
their  shield,  as  iu  the  special  development  of  the 
diflerent  regions  of  the  body,  which  awigns  to  them 
the  highest  rank  in  their  claw,  p.  252-255. 

Section  4.  The  Shield.  —  The  shield  consists  of  parts  of 
the  true  skeleton,  and  of  ossification*  of  the  skin,  or 
rather  of  the  walls  of  the  body,  which  overlie  the  true 
skeleton,  p.  255-297. 

Section  5.  The  Skin.  —  The  epidermis,  p.  2.1 7.  The 
colors  in  Turtles,  p.  261.    The  corium,  p.  263. 

Section  6.  The  Skeleton.  —  Head,  p.  265.  Vertebne,  p. 
266.    Ribs,  p.  267.    Sternum,  p.  267.    !.iml»,  p.  267. 

Section  7.    The  Muscles,  p.  270. 

Section  8.    The  Nereow  System,  p.  274. 

Section  9.  The  Organ*  of  the  .Sen.««.  —  The  ear,  p.  275, 
TIm!  eye,  p.  276.  Tbo  nose,  p.  276.  The  tongue  ami 
mouth,  p.  27  7. 

Section  10.    Ealing,  Drinking,  an 
p.  27». 


Section  11.    The  , 

capacity  of  the  lungs 
body,  p.  283. 
Section  12.    Tit  VuKvlar  Suite  m,  p.  t8& 
Section  13.    The  Urogenital  Organ*.—  Urinary  organs, 

p.  287.    Genital  organs,  p.  287. 
Section  14.    The  dcettopmnd  of Turtles  from  a  zofJogmil 
point  of  rim;  p.  290.    Table  showing  the  successive 
changes  in  the  relative  diiueu±ioii_-  of  the  body  in  Emy- 
doida\  p.  292. 

Section  1  J.  Tht  psychological  development  of  Turtle*  com- 
parer! ic/fA  that  of  the  other  ordert  of  Reptile*.  Too  litllu 
attention  is  now  jiaid  to  the  faculties  of  animals,  p.  296. 

Section  16.  Geographical  distribution  of  the  Ttsludmala. 
Oreat  discrepancy  between  tlie  range  of  marine  Tur- 
tles compared  with  that  of  the  land  and  fresh  water 
types,  p.  301. 

SECTION  17.  First  appearance  of  Tesludinala  upon  our 
gSohe.  p.  3U3.  Table  showing  the  period  of  the  first 
appearance  of  the  Testudinata  compared  with  tluat  of 
the  other  animals,  p.  306. 

Section  1«.  S>jb-ortlcr*  «f  Ttflmlmata.  —  The  sub-orders 
of  sea  Turtles,  Chelonii,  p.  308.  The  sub-ordcr  of 
fresh  water  and  laud  Turtles,  Amydic,  p.  310. 

Section  19.    Conclusion*.  — (Mina\  characters  are  estseii. 
tially  anatomical  characters,  and  not  what  are 
inotily  called  zoological  characters,  p.  313. 
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CHAPTER  II. 
MB  FAMILIES  OF  TK-Siyi)|NATA 


Section  1.  General  remarh  upon  familiet.  —  The  method 
generally  inkiplt'il  in  limiting  families  i?  defective.  To 
.triiw  at  -iiili-Kti i'ti y  results,  it  L-  nci-f*s.try  to  ascertain 
!  . i •  :'i I  -i  m-p.i  n  «  what  ,'ire  the  Mrii'tural  elrments 
wliii-h  constitute  tli<-  ililVrn  nt  patt.Tni  of  tin'  ftgjjjgt, 
p.  317-320. 

SKCTIOX  i.    Tie family  of  Sphartjid'ulir,  p.  .T.">. 

.Skctiox  8.    The  family  of  CitJonioulir,  i%.  324. 

Su-Tiox  4.    The  family  of  Trionyeiidir,  p.  329. 

Skctiox  i.  The  family  of  Cietyoida:,  p.  335,  The  Ster- 
notheruiila;,  I'ehnucMiustc,  Hydraspidea,  Chelodinoidg, 
and  1'ixIih'ihmukIm,  note,  p.  333.  ' 


Skctiox  6.    Tie  family  of  Cbelplmda;  p.  341. 
Skctiox  7.    Tit  family  of  L'invtteruaida ,  p.  346. 
Section  8.    Tie  family  of  Emytlnidir.\i.  331.  Sub-faniilie» : 

Nectcmydoida?,  Dciroclic Ivoidu*,  Eveiuyduidat,  Clcmmy- 

doidaj.  Cistadinina,  p.  333-336. 
SECTIOX  9.    Tie  family  of  Tettudinina,  p.  356. 
Section  10.    On  the  brain  of  lie  different  familie*  of  Xorih 

American  Turtle*.   The  brain  i»  typical  for  different 

families  among  Vertebrata.   p.  362. 
Skctiox  11.    Difference*  in  tie  mode  of  life  of  Tettudinata. 

The  natural  limits  of  families  do  not  always  coincide 

with  lite  mode  of  life  of  their  representatives,    p.  363. 


e  n  ,\  !■  t  i;  k  in. 


MMjTH  av<:       an  <;i:m-.i;a  and  m-m,    -  ni-   1 1> n,  hinata 


Skctiox  1.    General  rtggrh  WgfM  the   Xnrth  American  | 
and  specie*  of  Tetfwtinata. —  How  the  genera 
of  Testudiuata  ought  to  be  characterised,  and  how  they  i 
compare  with  genera  in  other  cfause*,  p.  367. 

Seitiiix  2.    Tie  genu*  Sphargi*,  p.  371.    Sphaiwis  com-  . 
cea,  p.  373.    Identification  and  range  of  distribution  of 
the  «pecic»,  p.  373. 

Skctiox  3.    Tie  genera  and  tpecic*  of  t  'ielonioida;  p.  375. 
Chelouia,  p.  3*7.    Chclonia  My  das,  p.  378.  Chelonia 
virgala,  p.  379.    KretuyK  helys.  p.  380.    Kretlm.  liely  s 
mil.nr.ita,  p.  381.    En-tiaix-lu-lu  s|n.umita,  p.  382.  I 
Tnalaaaochcly*,  p.  383,     Tlialasso  hcly»  Caouanit,  p.  ' 
384. 

■Section  4.    Comparimn  of  tie  grvirti  »/  tie.  Ciel«nii  tci/i 

that  of  tie  Amyfa,  p.  386. 
Skctiox  5.    Tie  genera  of  Trionyriidir,  p.  394.  Amyda, 

p.  S<JH.    Atnyda  mutica,  p.  399.    Platypeltiti.  p.  4  nil. 

llatypcltis  ferox,  p.  401.    Aspidonertes.  p.  403.    Aspi-  ' 

■Ifinei  t<-»  •pinifer.  p.  403.    Aspidaoi'ctes  as  per,  p.  405. 

Aspidonectes  nnchali*,  p.  406.    Aspidonertes  Eiunryi, 

p.  407. 

Skctiox  6.    Tie  genera  of  Cielydroida,  p.  409.  Gypo- 


ehelys,  p.  413.  Gypoeliclys  loccrtina,  p.  414.  Cbely- 
dra,  p.  416.  Chclydra  aerpentina,  p.  417. 
Skctiox  7.  Tie  genera  of  Cinctteriwida,  p.  418.  Sub- 
family of  Ozothccoidie,  p.  423.  Goiiiochclys,  p.  423. 
Gniiiocbclys  triiptelm,  p.  423.  Goniochelya  minor,  p. 
424.  Ozothcca,  p.  424.  Uzotheca  odornta,  p.  425. 
Ozothoca  tristycha,  p.  425.  Sub-family  of  Cinoater- 
noidie,  p.  426.  Ciiiwlcrauiu,  p.  426.  Thyrostcriiuiu, 
p.  427.  Ttiyrosternuni  peiinsylvanicum,  p.  428.  Thy- 
rosternum  nnoriense.  p.  428.  Thyrosteniuiu  integrum, 
p,  429.  riatythyra,  p.  429.  Flatytbyra  flavescen*, 
p.  430. 

Skctiox  8.  Tie  genera  of  EmytliMir,  p.  430.  Snh-fnmily 
nf  Nceteinydnidir,  p.  431.  Plyebcmyit.  p.  431.  Pty- 
chemys  ruponii,  p.  431.  Plychemys  roneinna,  p.  432. 
Plychcinys  mobilirnsi*.  p.  433.  Ptycbemya  hieroglyph- 
ica,  p.  434.  Ptycbemys  decu««atA,  p.  431.  Trat  hemys, 
p.  431.  Trachcmys  seabra,  p.  434.  Tnuh.  ■iiivs  Tmi»- 
tii.  p-  435.  Trarhcmys  rh-gans,  p.  435.  Trwhcmyi 
nigoiiii,  p.  436.  Graptcmys,  p.  436.  Grnptemys  geo- 
graphiea,  p- 4 36.  Grnptemyn  LeSueurii,  p.  436.  Mala- 
eocleinmys,  p.  437.    Malaiwleuunys  |Mdustri<,  p.  437. 
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Chryscmys,  p.  -438.  Cliryscmys  picta,  p.  438.  Chry- 
scmys marginata.  p.  439.  Chrysciny  Bcllii.  p.  43». 
Cliryseuiys  orcgonctiais,  p.  4t<\  Chryscmys  dorsalis,  p. 
410.  Sub-faniity  of  Deirocbelyoidic.  Deirochclys  re- 
ticulata, p.  441.  Sub-family  Evemydoidir.  ami  jcmn 
Kmys,  p.  441.  Kuiys  Meleagris,  p.  14i.  Sub-family 
of  Cl.-mmydoithe,  p.  442.  Nanetnys  guttata,  p.  44J. 
Caleinyi  MuhleubergS,  p.  143.  Glyptcmyn  insculpta, 
p.  443.    Actinruiy*  uiaruiorata,  p.  1 1 1.    Sub-family  of 


Civtmlinina,  p.  444.  Cistudo,  p.  444.  Cistudo  vir- 
ginea,  triungtiis,  ornata,  and  major,  p.  445. 
Section  9.  The gtntra  of  Teftwlinina.  p.  44«.  XtPOfettM, 
p.44G.  Xcrobatcs  carolinus,  4 47.  Xerotic*  Iterlamlieri. 
p.  447.  Fawil  Teatudiuina,  p.  448.  Chclonoidis,  p. 
448.    Megaloehelys,  p.  448.    Testudo  proper,  Chersus 


Section  10.    ChelonUm  Fauntr  of  Xurth  Amerua,  p.  4|fl. 
Our  Turtles  belong  to  seven  different  Faiune. 


PART  III. 


EMBRYOLOGY   OF   THE  TURTLE. 


CHAPTER  I. 

DEVELOPMENT  OF  TDK  EGG.  FROM  ITS  FIKST  Al'l'KAUAXCE  TO  THE  FOUMATIOS  OF  TIIK 

EMHKYO. 


Section  1.  The  origin  of  the  egg.  Precautions  taken 
in  tlje  inrestigalioii.  The  egg  originates,  between  tlie 
cells  of  the  stroma.  Initial  form  of  the  egg.  Fonua- 
tioo  of  ilie  gcnninal  vesicle,    p.  451-457. 

-SECTION  i.  Development  «f  the  yoU.  SwCHlln  stage* 
ill  the  development  of  the  yolk  :  it*  constitution  and 
changes  at  different  periods.  It  contain*  at  first  only 
granule*,  and  no  cells,    p.  458. 

Section  3.  I>cret»/>tnent  of  the  foil  ee/h.  Probably  con- 
nected witli  the  first  influence  of  copulation.  Mode 
of  formation  of  yolk  eelU.  Their  cell  wall  or  ecto- 
blast,  p.  4«3.  Formation  of  the  mesoblast,  p.  467. 
Formation  of  the  entnblast,  p.  472. 

Section  4.  The  Purlmjean  Vesicle.  —  It  originates  in  an 
eccentric  portion,  p.  475.  Its  successive  change*,  p. 
4T«.    The  Wagnerian  vesicles,  p.  4711. 


Section  5.  The  gnoeth  of  the  otvtrian  egg  fix  a  white. — 
Diwimilarity  between  it-*  two  side*,  one  of  which  corre- 
sponds to  the  position  of  the  Purkinjcan  vesicle,  and  the 
oilier  to  the  opposilr  portion  of  the  egg.  This  antago- 
nism i-  carri.-d  out  further  during  the  whole  life  of  the 
growing  animal.  The  ovarian  egg  is  in  fact  the  animal 
itself  in  its  first  stage  of  development,  p.  4  79-l  ti. 
Suction  6.  The  Graafian  follicle  ami  the  membrane*  of 
the  c*jg. —  The  stroma,  p.  482.  The  tunica  granuloma, 
p.  483.  The  zona  pellucida,  p.  484.  Tlie  vitelline  Mr, 
p.  483.    The  embryonal  membrane,  p.  486. 

7.    Fecundation.  —  The  act  of  fecundation  is  suc- 
cessive in  Turtles.    From  the  first  copulation  to  the 
time  of  laying,  there  clapoo  four  years,  during  which 
eight  copulations  take  place.  The  eggs  grow  for  a  long 
they  are  fecundated,    p.  48!>-4D2. 
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CHAPTER  II. 

DEVELOPMENT  OF  TIIK  EMBRYO  FROM  THE  TRIE  THE  EGO  LEAVES  THE  OVARY  TO  THAT  OF 

THE  HATCHING  Off  THE  YOUNG. 


Section  1.  The  laying  of  the  eggs.—  Importance  oflocal 
information  respecting  tlic  habits  of  animals.  The  in- 
habitants of  the  country  nave  much  knowledge  upon 
dua  subject  that  is  not  yet  recorded.  Period  of  laying. 
Passage  of  the  egg*  through  the  oviduct.  Turdes  lay 
only  once  a  year.    p.  493-501. 

SECTION  2.  Ikpotition  of  the  allmmrn  ami  formation  of  tht 
,httl. -The  albumen  and  shell  membrane,  p.  501 -507. 
The  shell,  p.  SO*. 

SECTION  3.  The  uiturjttion  of  albumen  into  the  yolt  »ac.  — 
The  albuim-n  is  gradually  absorbed  into  the  yolk  sac, 
p.  511-513.  This  also  takes  place  in  birds'  eggs,  p. 
SIS. 

Section  4.  The  trawformatinn*  of  the  yolk  in  the  feeun- 
dated  egg. —  Enlargement  of  the  mcsohlast,  p.  516. 
Sudden  multiplication  of  the  cntoblasts,  p.  517.  Scg- 
mcntation  of  the  roesoblast,  p.  517.  It  results  in  the 
formation  of  the  primitive  cellular  basts  of  the  germ, 
p.  522. 

Section  5.  Segmentation  of  tht  yolh  —  The  segmentation 
of  the  yolk  takes  place  during  the  passage  of  the  egg 
through  the  oviduct.  The  embryonic  disc  and  the 
germinal  layer,    p.  523-32*. 

Section  6.  The  ichote  egg  u  the  embryo.  —  There  is  no 
natural  limit  between  the  development  of  the  embryo, 
from  its  first  appearance  as  egg  to  the  formation  of  a 
distinct  germ,  and  it»  ultimate  growth.  Continuity  of 
the  genetic  process,  p.  B»  Ml. 

Section  7.    Folding*  of  t/ie  e>n!>ryouic  (Ji«f,  and  tuccettire 


ttngt*  of  growth  of  the  Turtle.  — The  embryonic  disc, 
p.  585.  The  amnios,  p.  536.  Growth  of  the  embryo, 
p.  542-578. 

Section  8.  Formation  and  derelojtmrnt  of  the  organ*. — 
The  brain,  p.  579.  The  chorda  dorsalis,  p.  5*4.  The 
eye,  p.  584.  The  ear,  p.  590.  The  nostrils,  p.  591. 
The  vertebral  column,  p.  591.  Tho  skull,  p.  592. 
The  sliield,  p.  592.  The  limbs,  p.  593.  The  heart,  p. 
594.  The  bloodvessels,  p.  597.    The  intestine,  p.  600. 

Section  9.  Histology.—  The  amnios,  p.  602.  The  spina) 
marrow,  p.  602.  The  medulla  oblongata,  p.  602.  The 
hemisplicrcs,  p.  602.  The  olfactory  lobes,  p.  603.  The 
olfactory  nerve,  p.  603.  The  Schnoidcrian  membrane, 
p.  604.  Tho  pia  mater,  p.  604.  The  chorda  dorsalis, 
p.  604.  The  Tcrtebrw,  p.  605.  The  ribs,  p.  606.  The 
limbs,  p.  607.  The  skin,  p.  608.  The  eye,  p.  609. 
The  ear,  p.  611.  The  intestine,  p.  611.  The  allantoic, 
p.  613.  The  urinary  bladder.  |>.  614.  The  lungs,  p. 
614.  The  trachea,  p.  615.  The  liver,  p.  615.  The 
gall  cyst,  p.  615.  The  bloodvessels,  p.  615.  The  gen- 
ital organs,  p.  615.  The  kidneys,  p.  615.  Tlie  Wolf- 
fian  bodiee,  p.  618.  The  blood,  p.  616.  The  muscles, 
p.  617.    The  tendons,  p.  618. 

SECTION  10,  Chronology  of  the  dcretopment  of  the  embryo. 
From  the  first  segmentation  of  tho  yolk  to  the  period 
of  hatching,  we  trace  thirty-one  stages  of  development, 
p.  61K-622. 

Explanation  of  the  Plates,  p.  623-640. 
Ari'KNDIX  and  Kbrata,  p.  641. 
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CHAPTER  FIRST. 

THE  FUNDAMENTAL  RELATIONS  OF  ANIMALS  TO  ONE  ANOTHER  AND  TO  THE 
WORLD  IN  WHICH  THEY  LIVE,  AS  THE  BASIS  OF  THE  NATURAL  SYSTEM  OF 
ANIMALS. 


SECTION  I. 

THE  LEADING  FEATURES  OF  A  NATURAL  ZOOLOGICAL  SYSTEM  AKE  ALL  FOUNDED 

IN  NATURE. 

Modern  classifications  of  animals  and  plants  arc  based  upon  the  peculiarities  of 
their  structure;  and  this  is  generally  considered  as  the  most  important,  if  not  the 
only  safe,  guide  in  our  attempts  to  determine  the  natural  relations  which  exist 
between  animal*  This  view  of  the  subject  seems  to  me,  however,  to  circumscribe 
the  foundation  of  a  natural  system  of  Zoology  and  Botany  within  too  narrow  limits, 
to  exclude  from  our  consideration  some  of  the  most  striking  characteristics  of  the 
two  organic  kingdoms  of  nature,  and  to  leave  it  doubtful  how  far  the  arrangement 
thus  obtained  is  founded  in  reality,  and  how  far  it  is  merely  the  expression  of  our 
estimate  of  these  structural  differences.  It  has  appeared  to  me  appropriate,  therefore, 
to  present  here  a  short  exposition  of  the  leading  features  of  the  animal  kingdom,  as 
an  introduction  to  the  embryology  of  the  Chelonians,— one  of  the  most  extraordinary 
types  among  Vertcbrata, —  as  it  would  afford  a  desirable  opportunity  of  establishing 
a  standard  of  comparison  between  the  changes  animals  undergo  during  their  growth, 
and  the  permanent  characters  of  full-grown  individuals  of  other  types,  and,  perhaps, 
of  showing  also  what  other  points  beside  structure  might  with  advantage  be  consid- 
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ered  in  ascertaining  the  manifold  relations  of  animals  to  one  another  and  to  the 
world  in  which  they  live,  upon  which  the  natural  system  may  he  founded. 

In  considering  these  various  topics,  I  shall  of  necessity  have  to  discuss  many 
questions  bearing  upon  the  very  origin  of  organized  beings,  and  to  touch  upon  many 
points  now  under  discussion  among  scientific  men.  I  shall,  however,  avoid  contro- 
versy as  much  as  possible,  and  only  try  to  render  the  results  of  my  own  studies  and 
meditations  in  as  clear  a  manner  as  I  possibly  can  in  the  short  space  that  I  feel 
justified  in  devoting  to  this  subject  in  this  volume. 

There  is  no  question  in  Natural  History  on  which  more  diversified  opinions  are 
entertained  than  on  that  of  Classification ;  not  that  naturalists  disagree  as  to  the 
necessity  of  some  sort  of  arrangement  in  describing  animals  or  plants,  for  since 
nature  has  become  the  object  of  special  studies,  it  has  been  the  universal  aim  of  all 
naturalists  to  arrange  the  objects  of  their  investigations  in  the  most  natural  order 
possible.  Even  Buffon,  who  began  the  publication  of  his  great  Natural  History 
by  denying  the  existence  in  nature  of  any  thing  like  a  system,  closed  his  work  by 
grouping  the  birds  according  to  certain  general  features,  exhibited  in  common  by 
many  of  them.  It  is  true,  authors  have  differed  in  their  estimation  of  the  characters 
on  which  their  different  arrangements  are  founded ;  and  it  is  equally  true  that  they 
have  not  viewed  their  arrangements  in  the  same  light,  some  having  plainly  acknowl- 
edged the  artificial  character  of  their  systems,  while  others  have  urged  theirs  as  the 
true  expression  of  the  natural  relations  which  exist  between  the  objects  themselves. 
But,  whether  systems  were  presented  as  artificial  or  natural,  they  have,  to  this  day, 
been  considered  generally  as  the  expression  of  man's  understanding  of  natural  objects, 
and  not  as  a  system  devised  by  the  Supreme  Intelligence,  and  manifested  in  these 
objects.1 

There  is  only  one  point  in  these  innumerable  systems  on  which  all  seem  to  meet, 
namely,  the  existence  in  nature  of  distinct  species,  persisting  with  all  their  pecul- 
iarities, for  a  time  at  least;  for  even  the  immutability  of  species  has  been  ques- 
tioned/1 Beyond  species,  however,  this  confidence  in  the  existence  of  tbe  divis- 
ions, generally  admitted  in  zoological  systems,  diminishes  greatly. 

With  respect  to   genera,  we  find  already  the  number  of  the   naturalists  who 


1  Tlie  expressions  constantly  until  with  refer- 
ence to  genera  and  species  and  the  higher  primps 
in  our  systems  —  a*,  Mr.  A.  hat  uuuit  such  a  specie* 
a  grntit ;  Mr.  B.  employs  this  or  that  species  to  firm 
hit  genut ;  and  in  which  most  naturnli-t*  indulge 
when  sja-iiking  of  their  specie.*,  their  genera,  their 
families,  their  system*,  —  exhibit  in  an  unqitestii  tria- 
ble light  the  conviction,  thut  such  groups  are  of  their 


own  making;  which  can,  however,  only  Iks  true  in  so 
far  as  these  groups  are  not  true  to  nature,  if  the 
views  I  shall  present  below  arc  at  all  correct. 

•  Lamarck  (J.  B.  df.)  Philosophic  zoulogique, 
Paris,  1800,  2  vols.  8vo. ;  2de  edit.,  1830.  —  Powell 
(Thk  Rev.  Baden)  Essays  on  the  Spirit  of  the  In- 
ductive PMkttophy,  etc.,  London,  18o5,  1  vol.  8vo. 
Compare,  also,  Sect.  15,  below. 
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accept  (hem  as  natural  divisions  much  smaller ;  few  of  them  having  expressed  a 
belief  that  genera  have  as  distinct  an  existence  in  nature  as  species.  And  as  to 
families,  orders,  classes,  or  any  kind  of  higher  divisions,  they  seem  to  be  universally 
considered  as  convenient  devices,  framed  with  the  view  of  facilitating  the  study  of 
innumerable  objects,  and  of  grouping  them  in  the  most  suitable  manner.  The  indif- 
ference with  which  this  part  of  our  science  Is  generally  treated  becomes  unjustifiable, 
considering  the  progress  which  Zoology  in  general  has  made  of  late.  It  is  a  matter 
of  consequence,  whether  genera  are  circumscribed  in  our  systematic  works  within 
these  or  those  limits;  whether  families  inclose  a  wider  or  more  contracted  range  of 
geuera;  whether  such  or  such  orders  are  admitted  in  a  class,  and  what  are  the  natu- 
ral boundaries  of  classes;  as  well  as  how  the  classes  themselves  are  related  to  one 
another,  and  whether  all  these  groups  are  considered  as  resting  upon  the  same  foun- 
dation in  nature  or  not 

Without  venturing  here  upon  an  analysis  of  the  various  systems  of  Zoology, —  the 
prominent  features  of  which  are  sufficiently  exemplified  for  my  purpose  by  the  sys- 
tems of  Linnanis  and  Cuvier,1  which  must  be  familiar  to  every  student  of  Natural 
History,  —  it  is  certainly  a  seasonable  question  to  ask,  whether  the  animal  kingdom 
exhibits  only  those  few  subdivisions  into  orders  and  genera  which  the  Linnamn 
system  indicates,  or  whether  the  classes  differ  among  themselves  to  the  extent  which 
the  system  of  Cuvier  would  lead  us  to  suppose.  Or  is,  after  all,  this  complicated 
structure  of  Classification  merely  an  ingenious  human  invention,  which  every  one  may 
shape,  as  he  pleases,  to  suit  himself?  When  we  remember  that  all  the  works  on  Nat- 
ural History  admit  some  system  or  other  of  this  kind,  it  is  certainly  an  aim  wor- 
thy of  a  true  naturalist,  to  ascertun  what  is  the  real  meaning  of  all  these  divisions. 

Embryology,  moreover,  forces  the  inquiry  upon  us  at  every  step,  as  it  is  impos- 
sible to  estiblish  precise  comparisons  between  the  different  stages  of  growth  of  young 
animals  of  any  higher  group  and  the  permanent  characters  of  full-grown  individuals 
of  other  types,  without  first  ascertaining  what  is  the  value  of  the  divisions  with 
which  we  may  have  to  compare  embryos.  This  Is  my  reason  for  introducing  here, 
in  a  work  chiefly  devoted  to  Embryology,  a  subject  to  which  I  have  paid  the  most 
careful  attention  for  many  years  past,  and  for  the  solution  of  which  I  have  made 
special  investigations. 

Before  I  proceed  any  further,  however,  I  would  submit  one  case  to  the  consider- 
ation of  my  reader.  Suppose  that  the  innumerable  articulated  animals,  which  are 
counted  by  tens  of  thousands,  nay,  perhaps  by  huudreds  of  thousands,  had  never 
made  their  appearance  upon  the  surface  of  our  globe,  with  one  single  exception  : 
that,  for  instance,  our  Lobster  (Homarus  americanus)  were  the  only  representative  of 

1  Comjinre  Chap.  III. 
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that  extraordinarily  diversified  type, — how  should  we  introduce  that  species  of  animals 
in  our  systems?  Simply  as  a  genus  with  one  species,  hy  the  side  of  all  the  other 
classes  with  their  orders,  families,  etc,  or  aa  a  family  containing  only  one  genus  with 
one  species,  or  as  a  class  with  one  order  and  one  genus,  or  as  a  class  with  one 
family  and  one  genus?  And  should  we  acknowledge,  by  the  side  of  Vertebrate, 
Mollusks,  and  Radiato,  another  type  of  Artie  ulu  to,  on  account  of  the  existence  of 
that  one  Lobster,  or  would  it  be  natural  to  call  him  by  a  single  name,  simply  as  a 
species,  in  contradistinction  to  all  other  animals?  It  was  the  consideration  of  this 
supposed  case  which  led  me  to  the  investigations  detailed  below,  which,  I  hope,  may 
end  in  the  ultimate  solution  of  this  apparently  inextricable  question. 

Though  what  I  have  now  to  say  about  this  supposed  case  cannot  be  fully  appre- 
ciated before  reading  my  remarks  in  the  following  chapter,1  respecting  the  character 
of  the  different  kinds  of  groups  adopted  in  our  systems,  it  must  be  obvious  that  our 
Lobster,  to  be  what  we  see  these  animals  are,  must  have  its  frame  constructed  upon 
that  very  same  plan  of  structure  which  it  exhibits  now;  and,  if  I  should  succeed  in 
showing  that  there  is  a  difference  between  the  conception  of  a  plan  and  the  manner 
of  its  execution,  upon  which  classes  arc  founded  in  contradistinction  to  the  types  to 
which  they  belong,  we  might  arrive  at  this  distinction  by  a  careful  investigation  of 
that  single  Articulate,  as  well  as  by  the  study  of  all  of  them;  and  we  might  then 
recognize  its  types  and  ascertain  its  class  characters  as  fully  as  if  the  type  embraced 
several  classes,  and  this  class  thousands  of  species.  Then  that  animal  has  a  form, 
which  no  one  would  fail  to  recognize;  so  that,  if  form  can  be  shown  to  be  charac- 
teristic of  families,  we  could  thus  determine  its  family.  Again:  besides  the  general 
structure,  showing  the  fundamental  relations  of  all  the  systems  of  organs  of  the 
body  to  one  another  in  their  natural  development,  our  investigation  could  be  carried 
into  the  study  of  the  details  of  that  structure  in  every  part,  and  thus  lead  to  the 
recognition  of  what  constitutes  everywhere  generic  characters.  Finally :  as  this  ani- 
mal has  definite  relations  to  the  surrounding  world,  as  the  individuals  living  at  the 
time  bear  definite  relations  to  one  another,  as  the  parts  of  their  body  show  definite 
proportions,  and  as  the  surface  of  the  body  exhibits  a  special  ornamentation,  the  spe- 
cific characters  could  be  traced  as  fully  as  if  a  number  of  other  species  were  at  hand 
for  comparison ;  and  they  might  be  drawn  and  described  with  sufficient  accuracy  to 
distinguish  it  at  any  future  time  from  any  other  set  of  species  found  afterwards,  how- 
ever closely  these  new  species  might  be  allied  to  it  In  this  case,  then,  we  should 
have  to  acknowledge  a  separate  branch  in  the  animal  kingdom,  with  a  class,  a  family, 
and  a  genus,  to  introduce  one  species  to  its  proper  place  in  the  system  of  animals. 
But  the  class  would  have  no  order,  if  orders  determine  the  rank,  as  ascertained  by 

1  See  Cliap.  IL 
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the  complication  of  structure ;  for,  where  there  is  but  one  representative  of  a  type, 
there  is  no  room  for  the  question  of  its  superiority  or  inferiority  in  comparison  to 
others  within  the  limits  of  the  class,  orders  being  groups  subordinate  to  one  another 
in  their  class.  Yet,  even  in  this  case,  the  question  of  the  standing  of  Articulata,  as  a 
type  among  the  other  great  branches  of  the  animal  kingdom,  would  be  open  to  our 
investigations;  but  it  would  assume  another  aspect  from  that  which  it  now  presents, 
as  the  comparison  of  Articulata  with  the  other  types  would  then  be  limited  to  the 
Lobster,  and  would  lead  to  a  very  different  result  from  that  to  which  we  may  arrive, 
now  that  this  type  includes  such  a  large  number  of  most  extensively  diversified  rep- 
resentatives, belonging  even  to  different  classes.  That  such  speculations  are  not  idle 
must  be  apparent  to  any  one  who  is  aware,  that,  during  every  period  in  the  history 
of  our  globe  in  past  geological  ages,1  the  general  relations,  the  numeric  proportions, 
and  the  relative  importance  of  all  the  types  of  the  animal  kingdom,  have  been  ever 
changing,  until  their  present  relations  were  established.  Ilere,  then,  the  individuals 
of  one  species,  as  observed  while  living,  simultaneously  exhibit  characters,  which,  to 
be  expressed  satisfactorily  and  in  conformity  to  what  nature  tells  us,  would  require 
the  establishment,  not  only  of  a  distinct  species,  but  also  of  a  distinct  genus,  a  dis- 
tinct family,  a  distinct  class,  a  distinct  branch.  Is  not  this  in  itself  evidence  enough 
that  genera,  families,  orders,  classes,  and  types  have  the  same  foundation  in  nature  as 
species,  and  that  the  individuals  living  at  the  time  have  alone  a  material  existence, 
they  being  the  bearers,  not  only  of  all  these  different  categories  of  structure  upon 
which  the  natural  system  of  animals  is  founded,  but  also  of  all  the  relations  which 
animals  sustain  to  the  surrounding  world,— thus  showing  that  species  do  not  exist  in 
nature  in  a  different  way  from  the  higher  groups,  as  is  so  generally  believed? 

The  divisions  of  animals  according  to  branch,  class,  order,  family,  genus,  and 
species,  by  which  we  express  the  results  of  our  investigations  into  the  relations  of 
the  animal  kingdom,  and  which  constitute  the  first  question  respecting  the  scientific 
systems  of  Natural  History  which  we  have  to  consider,  seem  to  me  to  deserve  the 
consideration  of  all  thoughtful  minds.    Are  these  divisions  artificial  or  natural  1  Are 


1  A  series  of  classifications  of  animals  and  plant*, 
exhibiting  each  n  naturnl  system  of  the  type*  known 
to  have  existed  simultaneously  during  the  several 
sueco-ive  geological  period*,  considered  singly  and 
without  reference  to  the  types  of  other  ages,  would 
show  in  a  strong  light  the  different  relations  in 
which  the  classes,  the  orders,  the  families,  and  even 
the  genera  and  specie*,  have  stood  to  one  another 
during  each  epoch.  Such  classifications  would  illus- 
trate, in  the  most  impressive  manner,  the  importance 


of  an  accurate  knowledge  of  the  relative  standing 
Of  all  animals  and  plants  which  can  only  be  inferred 
from  the  perusal  even  of  those  palronlolugical  worka 
in  which  fossil  remains  are  illustrated  according  to 
their  association  in  different  geological  formations  ; 
for,  in  all  these  works,  the  remains  of  past  ages  are 
uniformly  referred  to  a  system  established  upon  the 
study  of  the  animals  now  living,  thus  lessening  the 
impression  of  their  peculiar  combination  for  tbe 
periods  under  consideration. 
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they  the  devices  of  the  human  mind  to  classify  and  arrange  our  knowledge  in  such 
a  manner  as  to  bring  it  more  readily  within  our  grasp  and  facilitate  further  investi- 
gations, or  have  they  been  instituted  by  the  Divine  Intelligence  as  the  categories  of 
his  mode  of  thinking?1  Have  we,  perhaps,  thus  far  been  only  the  unconscious 
interpreters  of  a  Divine  conception,  in  our  attempts  to  expound  nature?  and  when, 
in  our  pride  of  philosophy,  we  thought  that  we  were  inventing  systems  of  science 
and  classifying  creation  by  the  force  of  our  own  reason,  have  we  followed  only,  and 
reproduced,  in  our  imperfect  expressions,  the  plan  whose  foundations  were  laid  in  the 
dawn  of  creation,  and  the  development  of  which  we  are  laboriously  studying, — think- 
ing, as  we  put  together  and  arrange  our  fragmentary  knowledge,  that  we  are  anew 
introducing  order  into  chaos  ?  Is  this  order  the  result  of  the  exertions  of  human  skill 
and  ingenuity,  or  is  it  inherent  in  the  objects  themselves,  so  that  the  intelligent  stu- 
dent of  Natural  History  is  led  unconsciously,  by  the  study  of  the  animal  kingdom 
itself,  to  these  conclusions,  the  great  divisions  under  which  he  arranges  animals  being 
indeed  but  the  headings  to  the  chapters  of  the  great  book  which  he  is  reading?  To 
me  it  appears  indisputable,  that  this  order  and  arrangement  of  our  studies  are  based 
upon  the  natural,  primitive  relations  of  animal  life, — those  systems,  to  which  we  have 
given  the  names  of  the  great  leaders  of  our  science  who  first  proposed  them,  being 
in  truth  but  translations,  into  human  language,  of  the  thoughts  of  the  Creator.  And 
if  this  is  indeed  so,  do  we  not  find  in  this  adaptability  of  the  human  intellect  to  the 
facts  of  creation,  by  which  we  become  instinctively,  and,  as  I  have  said,  unconsciously, 
the  translators  of  the  thoughts  of  God,  the  most  conclusive  proof  of  our  affinity  with 
the  Divine  Mind?  and  is  not  this  intellectual  and  spiritual  connection  with  the  Almighty 
worthy  our  deepest  consideration  ?  If  there  is  any  truth  in  the  belief  that  man  is 
made  in  the  image  of  God,  it  is  surely  not  amiss  for  the  philosopher  to  endeavor,  by 
the  study  of  his  own  mental  operations,  to  approximate  the  workings  of  the  Divine 
Reason,  learning,  from  the  nature  of  his  own  mind,  better  to  understand  the  Infinite 
Intellect  from  which  it  is  derived.  Such  a  suggestion  may,  at  first  sight,  appear  irrev- 
erent But,  which  is  the  truly  humble  ?  He  who,  penetrating  into  the  secrets  of  cre- 
ation, arranges  them  under  a  formula  which  he  proudly  calls  his  scientific  system  ?  or 
he  who,  in  the  same  pursuit,  recognizes  his  glorious  affinity  with  the  Creator,  and,  in 
deepest  gratitude  for  so  sublime  a  birthright,  strives  to  be  the  faithful  interpreter  of 
that  Divine  Intellect  with  whom  he  is  permitted,  nay,  with  whom  he  is  intended, 
according  to  the  laws  of  his  being,  to  enter  into  communion  ? 


1  It  mu»t  not  be  overlooked  here  that  a  system 
may  be  natural,  that  is,  may  agree  in  every  respect 
with  the  facta  in  nature,  and  yet  not  be  considered 
by  if.  author  as  the  manifestation  of  the  thoughts 


of  a  Creator,  but  merely  as  the  expression  of  a 
fact  existing  in  nature,  no  matter  how,  which  the 
human  mind  may  trace  and  reproduce  in  a  system- 
atic form  of  its  own  invention. 
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I  confess  that  this  question  as  to  the  nature  and  foundation  of  our  scientific 
classifications  appears  to  me  to  have  the  deepest  importance,  an  importance  far  greater 
indeed  than  is  usually  attached  to  it  If  it  can  be  proved  that  man  has  not 
invented,  but  only  traced  this  systematic  arrangement  in  nature,  that  these  relations 
and  proportions  which  exist  throughout  the  animal  and  vegetable  world  have  an 
intellectual,  an  ideal  connection  in  the  mind  of  the  Creator,  that  this  plan  of  crea- 
tion, which  so  commends  itself  to  our  highest  wisdom,  has  not  grown  out  of  the 
necessary  action  of  physical  laws,  but  was  the  free  conception  of  the  Almighty 
Intellect,  matured  in  his  thought,  before  it  was  manifested  iu  tangible  external  forms, 
— if,  in  short,  we  can  prove  premeditation  prior  to  the  act  of  creation,  we  have  done, 
once  and  for  ever,  with  the  desolate  theory  which  refers  us  to  the  laws  of  matter  as 
accounting  for  all  the  wonders  of  the  universe,  and  leaves  us  with  no  God  but  the 
monotonous,  unvarying  action  of  physical  forces,  binding  all  things  to  their  inevitable 
destiny.1  I  think  our  science  has  now  reached  that  degree  of  advancement,  in  which 
we  may  venture  upon  such  an  investigation. 

The  argument  for  the  existence  of  an  intelligent  Creator  is  generally  drawn  from 


1  I  allude  here  only  to  the  doctrines  of  material- 
ists; but  I  feel  it  necessary  to  add,  thut  there  arc 
physicists,  who  might  be  shocked  at  the  idea  of  being 
considered  as  materialist*,  who  are  jet  prone  to  be- 
lieve that  when  they  have  recognized  tire  laws  which 
regulate  the  physical  world,  and  acknowledged  that 
these  laws  were  established  by  the  Deity,  they  have 
explained  every  thing,  even  when  they  have  consid- 
ered only  the  phenomena  of  the  inorganic  world,  as 
if  the  world  contained  no  living  beings  and  as  if 
these  living  beings  exhibited  nothing  that  differed 
from  the  inorganic  world.  Mistaking  for  a  causal 
relation  the  intellectual  connection  oliscrvablc  be- 
tween serial  phenomena,  they  arc  unable  lo  perceive 
any  difference  Iwtween  disorder  and  the  free,  inde- 
pendent, and  self-possessed  action  of  a  superior  mind, 
and  call  mysticism,  even  a  passing  allusion  to  the 
existence  of  an  immaterial  principle  in  animals,  which 
they  acknowledge  themselves  in  man.  [Powell's 
Essays  etc.,  p.  478,  3«5,  and  4GC]  I  would  further 
remark,  that,  when  speaking  of  creation  in  contra- 
distinction with  reproduction,  I  mean  only  to  allude 
to  the  difference  there  is  between  the  regular  course 
of  phenomena  in  nature  and  the  establishment  of  that 
order  of  things,  witliout  attempting  to  explain  either ; 

2 


for  in  whatever  manner  any  state  of  things  which 
has  prevailed  for  a  time  upon  earth  may  have  been 
introduced,  it  is  self-evident  that  its  establishment 
and  its  maintenance  for  a  determined  period  are  two 
very  different  things,  however  frequently  they  may 
be  mistaken  as  identical.  It  is  further  of  itself  plain 
that  the  laws  which  may  explain  the  phenomena  of 
the  material  world,  in  contradistinction  from  the  or- 
ganic, cannot  be  considered  as  accounting  for  the 
existence  of  living  beings,  even  though  these  have  a 
material  body,  unless  it  be  actually  shown  that  the 
action  of  these  laws  implies  by  their  very  nature  the 
production  of  such  beings.  Thus  far,  Cross's  experi- 
ments are  the  only  ones  offered  as  proving  such  a 
result  I  do  not  know  wluit  physicists  may  think 
about  them  now  ;  but  I  know  that  there  is  scarcely 
a  zoologist  who  doubts  that  they  only  exhibited  a 
mistake.  Life  in  appropriating  the  physical  world 
to  itself  with  all  its  peculiar  phenomena  exhibits,  how- 
ever, some  of  its  own  and  of  a  higher  order,  which 
cannot  be  explained  by  physical  Tlie  cir- 

cumstance that  life  is  so  deeply  rooted  in  the  inor- 
ganic nature,  affords  nevertheless,  a  strong  tempta- 
tion to  explain  one  by  the  other;  but  we  shall  see 
presently  how  fallacious  these,  attempts  have  been. 
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the  adaptation  of  means  to  ends,  upon  which  the  Bridgewater  treatises,  for  example, 
have  been  hawed.1  But  this  does  not  appear  to  me  to  cover  the  whole  ground,  for 
wo  can  conceive  that  the  natural  action  of  object*  upon  each  other  should  result  in 
a  final  fitness  of  the  universe,  and  thus  produce  an  harmonious  whole ;  nor  does 
the  argument  derived  from  the  connection  of  organs  and  functions  seem  to  me  more 
satisfactory,  for,  beyond  certain  limit*,  it  is  not  even  true.  We  find  organs  without 
functions,  as,  for  instance,  the  teeth  of  the  whale,  which  never  cut  through  the  gum, 
the  breast  in  all  males  of  the  class  of  mammalia;  these  and  similar  organs  are  pre- 
served in  obedience  to  a  certain  uniformity  of  fundamental  structure,  true  to  the 
original  formula  of  that  division  of  animal  life,  even  when  not  essential  to  it*  mode 
of  existence.  The  organ  remains,  not  for  the  performance  of  a  function,  but  with 
reference  to  a  plan,1  and  might  almost  remind  us  of  what  we  often  see  in  human 
structures,  when,  for  instance,  in  architecture,  the  some  external  combinations  are 
retained  for  the  sake  of  symmetry  and  harmony  of  proportion,  even  when  they  have 
no  practical  object 

I  disclaim  every  intention  of  introducing  in  tins  work  any  evidence  irrelevant  to 
my  subject,  or  of  supporting  any  conclusions  not  immediately  flowing  from  it;  but  I 
cannot  overlook  nor  disregard  here  the  close  connection  there  is  between  the  fact* 
ascertained  by  scientific  investigations,  and  the  discussions  now  carried  on  respecting 
the  origin  of  organized  beings.  And  though  I  know  those  who  hold  it  to  be  very 
unscientific  to  believe  that  thinking  is  not  something  inherent  in  matter,  and  that 
there  is  an  essential  diflereuce  between  inorganic  and  living  aud  thinking  beings,  I 
shall  not  be  prevented  by  any  such  pretensions  of  a  false  philosophy  from  expressing 


1  Tlie  Rridgewuter  Treatise*,  on  the  Power,  Wis- 
dom, and  Goodness  of  God,  an  Manifested  in  the 
Creation  :  CkM.Mr.RS,  (Thomas.)  The  Adaptation  of 
External  Nature  to  the  Moral  and  Intellectual  Consti- 
tution of  Man,  Glasgow,  1839,  2  vols.  Svo. —  Kiun, 
(John.)  On  the  Adaptation  of  External  Nature  to 
the  Physical  Condition  of  Man,  London,  1833,  1  vol. 
8vo. —  Whewell,  (Will,)  Astronomy  and  General 
Physic*  considered  with  Ucfercncc  to  Natural  Theol- 
ogy. London,  1839,  1  vol.  8vo.  —  Bell,  (Charles,) 
The  Hand,  its  MechnnUm  and  Vital  Knduwuienls,  as 
evincing  Design,  London,  1833,  1  vol.  8vo. —  Roget, 
(Peter  Mark,)  Animal  and  Vegetable  Physiology, 
considered  with  Reference  to  Natural  Theology,  Lon- 
don, 1834,  2  vols.  8vo.— BicKLAJfu,  (Will,)  Ge- 
ology and  Mineralogy  considered  with  Reference  to 
Natural  Tlreology,  London,  183G,  2  vols.  8vo. ;  2d 


edit.  1837.  —  Kirbt,  (Will,)  The  Power,  Wisdom, 
and  Goodness  of  God,  us  Manifested  in  the  Creation 
of  Animal-sand  in  their  History,  Habits  and  Instinct*, 
London,  1835,2  vols.  8vo, —  Proit,  (Will,)  Chem- 
istry, Meteorology,  and  the  Function  of  Digestion, 
considered  with  Reference  to  Natural  Theology,  Lon- 
don, 1834,  1  vol.  Svo.  Compare  also:  Straiss- 
Dcrkheim,  (Herc,)  Theologie  de  la  Nature,  Paris, 
1852,3  vols.  Svo. — Miller,  (High,)  Footprints  of 
the  Creator,  Edinburgh,  1849,  1  vol.  12mo.—  Bab- 
bage,  (C)  The  Ninth  Bridgewater  Treatise,  a  Frag- 
ment, London,  1838,  1  vol.  8vo. ;  2d  edit. 

*  The  unity  of  structure  of  the  limbs  of  club- 
footed  or  pinnated  animals,  in  which  the  fingers  are 
never  moved,  with  those  which  enjoy  the  most  per- 
fect articulations  and  freedom  of  motion,  exhibits  thii 
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my  conviction  that  as  long  as  it  cannot  be  shown  that  matter  or  physical  forces  do 
actually  reason,  I  shall  consider  any  manifestation  of  thought  as  evidence  of  the 
existence  of  a  thinking  being  as  the  author  of  such  thought,  and  shall  look  upon  an 
intelligent  and  intelligible  connection  between  the  facts  of  nature  as  direct  proof  of 
the  existence  of  a  thinking  God,1  as  certainly  as  man  exhibits  the  power  of  thinking 
when  he  recognizes  their  natural  relations. 

As  I  am  not  writing  a  didactic  work,  1  will  not  enter  here  into  a  detailed  illus- 
tration of  the  facts  relating  to  the  various  subjects  submitted  to  the  consideration  of 
my  reader,  beyond  what  is  absolutely  necessary  to  follow  the  argument,  nor  dwell  at 
any  length  upon  the  conclusions  to  wluch  they  lead,  but  simply  recall  the  leading 
features  of  the  evidence,  assuming  in  the  argument  a  full  acquaintance  with  the 
whole  range  of  data  upon  which  it  is  founded,  whether  derived  from  the  affinities  or 
the  anatomical  structure  of  animals,  or  from  their  habits  and  their  geographical  distri- 
bution, from  their  embryology,  or  from  their  succession  in  past  geological  ages,  and 
the  peculiarities  they  have  exhibited  during  each*  believing,  as  I  do,  that  isolated  and 
disconnected  fiicts  are  of  little  consequence  in  the  contemplation  of  the  whole  plan 


1  I  am  well  aware  that  even  the  most  eminent 
investigators  consider  the  task  of  science  at  an  end, 
as  soon  as  the  most  general  relation*  of  natural  phe- 
nomena have  been  ascertained.  To  many  the  in- 
quiry into  the.  primitive  causa  of  their  existence 
seems  either  beyond  the  reach  of  man,  or  as  be- 
longing rnther  to  philosophy  than  to  physics.  To 
these  the  name  of  God  np|>ears  out  of  place  in  a 
scientific  work,  as  if  the  knowledge  of  secondary 
agencies  constituted  alone  a  worthy  subject  for  their 
investigations  and  as  if  nature  could  teach  nothing 
about  its  Author.  Many,  again,  are  no  doubt  pre- 
vented from  expressing  their  conviction  that  the 
world  was  called  into  existence  and  is  regulated  by 
an  intelligent  God,  either  by  the  fear  of  being  sup- 
posed to  share  clerical  or  scclurian  prejudices;  or 
because  it  may  bo  dangerous  for  them  to  discuss 
freely  such  questions  without  acknowledging  at  the 
wine  time  the  obligation  of  taking  the  Old  Testament 
as  the  standard  by  which  the  validity  of  their  re- 
mits is  to  be  measured.  Science,  however,  can  only 
prosper  when  confining  itself  within  its  legitimate 
sphere ;  and  nothing  can  tie  more  detrimental  to  its 
true  dignity  than  discussions  like  those  which  took 
place  nt  the  last  meeting  of  the  German  association 


of  naturalists,  in  Gottingcn,  and  which  have  since 
then  been  carried  on  in  several  pamphlets  in  which 
bigotry  vies  with  personality  and  invective. 

'  Many  points  little  investigated  thus  far  by  most 
naturalists,  but  to  which  I  have  of  laic  years  paid 
particular  attention,  are  here  presented  only  in  an 
aphoristic  form,  as  results  established  by  extensive 
investigations,  though  unpublished,  most  of  which  will 
be  fully  illustrated  in  my  following  volumes,  or  in  a 
special  work  upon  the  plan  of  the  creation.  (See 
Agassiz,  (L..)  On  (he  Difference  between  Progres- 
sive, Embryonic,  and  Prophetic  Types  in  the  Succes- 
sion of  Organized  Keiugs,  Proceed.  2d  Meeting  Amcr. 
Assoc.  for  the  Advancement  of  Science,  held  at  Cam- 
bridge in  1840,  Boston,  1H50,  1  vol  8vo.,  p.  432.) 
Meanwhile  I  refer  in  foot  notes  to  such  works  as  con- 
tain the  materials  already  on  hand  for  the  discussion 
of  these  subjects,  even  when  presented  in  a  different 
light.  I  would  only  beg  leave  to  add,  that  in  these 
references  I  have  by  no  means  attempted  to  quote  all 
the  writers  upon  the  variouB  topics  under  consider- 
ation, but  only  the  most  prominent  and  most  instruc- 
tive, ami  here  ami  there  some  condensed  nccounts 
of  the  facts  in  more  elementary  works,  by  the  side 
of  the  original  papers. 
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of  creation,  and  that  without  a  consideration  of  all  the  facts  furnished  by  the  study 
of  the  habits  of  animals,  by  their  anatomy,  their  embryology,  and  the  history  of  the 
past  ages  of  our  globe,  we  shall  never  arrive  at  the  knowledge  of  the  natural  system 
of  animak 

Let  us  now  consider  some  of  these  topics  more  specially. 


SECTION  II. 

SIMULTANEOUS  EXISTENCE  OF  THE  MOST  DIVERSIFIED  TYPES  UNDER  IDENTICAL 

CIRCUMSTANCES. 

It  is  a  fact  which  seems  to  be  entirely  overlooked  by  those  who  assume  an  exten- 
sive influence  of  physical  causes  upon  the  very  existence  of  organized  beings,  that 
the  most  diversified  types  of  animals  and  plants  are  everywhere  found  under  iden- 
tical circumstances.  The  smallest  sheet  of  fresh  water,  every  point  upon  the  sea- 
shore, every  acre  of  dry  land,  teems  with  a  variety  of  animals  and  plants.  The 
narrower  the  boundaries  are,  which  may  be  assigned  as  the  primitive  home  of  nil 
these  beings,  the  more  uniform  must  be  the  conditions  imder  which  they  are  assumed 
to  have  originated ;  so  uniform,  indeed,  that  in  the  end  the  inference  would  be,  that 
the  same  physical  causes  could  produce  the  most  diversified  effects.1     To  concede, 


'  In  order  fully  to  appreciate  the  difficulty  nl- 
luded  to  here,  it  is  only  necessary  lo  remember  how 
complicated,  and  at  the  same  time  how  localized  the 
condition*  arc  under  which  animals  multiply.  The 
egg  originate*  in  a  special  organ,  the  ovary ;  it  grows 
there  to  n  certain  sire,  until  it  requires  fecundation, 
that  is,  the  influence  of  another  living  being,  or  at 
least  of  the  product  of  another  organ,  the  spcrmary, 
to  determine  the  further  development  of  the  germ, 
which,  under  the  most  diversified  conditions  in  dif- 
ferent species,  passe*  successively  through  all  those 
changes  which  lead  to  the  formation  of  a  new  per- 
fect being.  I  then  would  ask,  is  it  probable  that 
the  circumstance*  under  which  animals  and  plants 
originated  for  the  first  time  can  be  much  simpler, 
or  even  as  simple,  as  the  condition*  necessary  for 
their  reproduction  only,  after  they  have  once  been 
created?  Preliminary,  then,  to  their  first  appearance, 
the  conditio:.-  necessary  for  their  growth  must  have 


been  provided  for,  if,  as  I  believe,  they  were  crea- 
ted as  egg«,  which  conditions  must  have  been  con- 
formable to  those  in  which  the  living  representatives 
of  the  typo*  first  produced,  now  reproduce  them- 
selves. If  it  were  assumed  that  they  originated  in 
a  more  advanced  stage  of  life,  the  difficulties  would 
be  still  greater,  a*  a  moment's  consideration  cannot 
fail  to  show,  especially  if  it  is  remembered  bow  com- 
plicated the  structure  of  some  of  the  animals  was 
which  are  known  to  have  been  among  the  first  in- 
habitants of  our  globe.  When  investigating  this  sub- 
ject, it  is  of  course  necessary  to  ronsider  the  first 
appearance  of  animals  ami  plants,  upon  the  luisis  of 
probabilities  only,  or  even  simply  upon  that  of  pos- 
sibilities; as  with  reference  to  these  flrst-liorn,  at 
least,  the  transmutation  theory  furnishes  no  explana- 
tion of  their  existence. 

For  every  species  belonging  to  the  first  fauna  and 
the  first  flora  which  have  existed  upon  earth,  special 
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on  the  contrary,  that  these  organisms  mny  have  appeared  in  the  heginning  over  a 
wide  area,  is  to  grant,  at  the  same  time,  that  the  physical  influences  under  which 
they  existed  at  first  were  not  ho  specific  as  to  justify  the  assumption  that  these  could 
he  the  cause  of  their  appenrance.  In  whatever  connection,  then,  the  first  appear- 
ance of  organized  beings  upon  earth  is  viewed,  whether  it  is  assumed  that  they 
originated  within  the  most  limited  areas,  or  over  the  widest  range  of  their  present 
natural  geographical  distribution,  animals  and  plants  being  everywhere  diversified  to 
the  most  extraordinary  extent,  it  is  plain  that  the  physical  influences  under  which 
they  subsist  cannot  logically  be  considered  as  the  cause  of  that  diversity.  In  this, 
as  in  every  other  respect,  when  considering  the  relations  of  animals  and  plants  to 
the  conditions  under  which  they  live,  or  to  one  another,  we  arc  inevitably  led  to 
look  beyond  the  material  facts  of  the  case  for  an  explanation  of  their  existence. 
Those  who  have  taken  another  view  of  tins  subject,  have  mistaken  the  action  and 
reaction  which  exist  everywhere  between  organized  beings,  and  the  physical  influences 
under  which  they  live 1  for  a  causal  or  genetic  connection,  and  carried  their  mistake 
so  far  as  to  assert  that  these  manifold  influences  could  really  extend  to  the  production 
of  these  beings,  not  considering  how  inadequate  such  a  cause  would  be,  and  that 
even  the  action  of  physical  agents  upon  organized  beings  presupposes  the  very  exist- 
ence of  those  beings.1     The  simple  fact  that  there  lias  been  a  period  in  the  history 


relation*,  special  contrivances  must  therefore  have 
been  provided.  Now,  what  would  lie  appropriate 
for  the  one,  would  not  suit  the  other,  so  that  exclud- 
ing one  another  in  this  war,  they  cannot  have  origi- 
nated upon  the  same  point ;  while  within  a  wider 
area,  physical  agents  are  too  uniform  in  their  mode 
of  action  to  have  laid  the  foundation  for  ho  many 
such  specific  difference*  as  existed  between  the  first 
inhabitants  of  our  glolw. 
1  See,  below.  Sect.  XI. 

*  A  critical  examination  of  this  point  may  dis- 
pel  much  of  the  contusion  which  prevails  in  the  di»- 
cushions  relating  tu  the  influence  of  physical  causes 
upon  organized  beings.  Tluit  there  exist  definite 
relation*  lietween  animals  as  well  n.-  plants  and  the 
mediums  in  which  they  live,  no  one  at  all  familiar 
with  the  phenomena  of  the  organic  world  can  doubt ; 
that  these  mediums  and  all  physical  agents  at  work 
in  nature,  have  a  certain  influence  upon  organized 
beings  is  equally  plain.  But  before  any  such  action 
can  take  place  and  bo  felt,  organized  beings  must 
exist.    The  problem  before  us  involves  therefore. 


two  questions,  the  influence  of  physical  agents  upon 
animals  and  plants  already  in  existence,  and  the  ori- 
gin of  these  beings.  Granting  the  influence  of  these 
agents  upon  organized  beings  to  the  fullest  extent 
to  which  it  may  be  traced,  (see  Sect.  1(1,)  there 
remains  still  the  question  of  their  origin  upon  which 
neither  argument  nor  observation  has  yet  thrown  any 
light.  But  according  to  some,  they  originated  spon- 
taneously by  the  immediate  agency  of  physical  forces, 
and  have  become  successively  more  and  more  diver- 
sified by  changes  produced  gradunlly  upon  them,  by 
these  same  forces.  Others  believe  that  there  exist 
laws  in  nature  which  were  established  by  the  Deity 
in  the  beginning,  to  the  action  of  which  the  origin 
of  organized  beings  may  be  ascribed  ;  while  accord- 
ing to  others,  they  owe  their  existence  to  the  im- 
mediate intervention  of  an  intelligent  Creator.  It 
is  the  object  of  the  following  |>arngraphs  to  show 
that  there  arc  neither  agents  nor  laws  in  nature 
known  to  physicists  under  the  influence  and  by  the 

that,  on  the  contrary,  the  very  nature  of  these  be- 
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of  our  earth,  now  well  known  to  geologists,1  when  none  of  these  organized  beings  as 
yet  existed,  and  when,  nevertheless,  the  material  constitution  of  our  globe,  and  the 
physical  forces  acting  upon  it,  were  essentially  the  same  as  they  are  now*  shows  that 
these  influences  are  insufficient  to  call  into  existence  any  living  being. 

Physicists  know,  indeed,  these  physical  agents  more  accurately  than  the  naturalists, 
who  ascribe  to  them  the  origin  of  organized  beings;  let  us  then  ask  them,  whether 
the  nature  of  these  agents  is  not  specific,  whether  their  mode  of  action  is  not  spe- 
cific? They  will  all  answer,  that  they  are.  Let  us  further  inquire  of  them,  what 
evidence  there  is,  in  the  present  state  of  our  knowledge,  that  at  any  time  these 
physical  agents  have  produced  any  tiling  they  no  longer  do  produce,  and  what  prob- 
ability there  is  that  they  may  ever  have  produced  any  organized  being?  If  I  am 
not  greatly  mistaken,  the  masters  in  that  department  of  science  will,  one  and  all, 
answer,  none  whatever. 

But  the  character  of  the  connections  between  organized  beings  and  the  physical 
conditions  under  which  they  live  is  such  as  to  display  thought;'  these  connections 
are  therefore  to  be  considered  as  established,  determined,  and  regulated  by  a  thinking 
being.  They  must  have  been  fixed  for  each  species  at  its  beginning,  while  the  fact 
of  their  permanency  through  successive  generations'  is  further  evidence  that  with 
their  natural  relations  to  the  surrounding  world  were  also  determined  the  relations 
of  individuals  to  one  another,*  their  generic  as  well  as  their  family  relations,  and 
every  higher  grade  of  affinity,*  showing,  therefore,  not  only  thought,  in  reference  to 
the  physical  conditions  of  existence,  but  such  comprehensive  thoughts  as  would 
embrace  simultaneously  every  characteristic  of  each  species. 

Every  fact  relating  to  the  geographical  distribution  of  animals  and  plants  might 
be  alluded  to  in  confirmation  of  tliis  argument,  but  especially  the  character  of  every 


ings,  and  their  relations  to  one  another  and  to  the 
world  in  which  they  live,  exhibit  thought,  and  can 
therefore  be  referred  only  to  the  immediate  action 
of  n  thinking  being,  even  though  the  manner  in 
which  lliey  were  called  into  exUlcnee  remain*  for 
the  present  u  mystery. 

1  Few  geologists  only  may  now  be  inclined  to 
believe  that  the  lowest  strata  known  to  contain  fo«- 
sils,  arc  not  the  lowest  deposit*  formed  since  the 
existence  of  organised  being*  u|k>ii  earth.  Hut  even 
those  who  would  assume  that  still  lower  fossilifcrous 
beds  may  yet  be  discovered,  or  may  have  entirely 
disappeared  by  the  influence  of  phitonic  agencies, 
(Powell's  Essays,  etc.,  p.  424,)  must  acknowledge 
the  fact  tliat  everywhere  in  the  lowest  rocks  known 


to  contain  fossils  at  all,  there  is  ft  variety  of  thera 
found  together.  (See  Sect.  7.)  Moreover,  the  simi- 
larity in  the  character  of  the  oldest  fossils  found  in 
different  parti  of  the  world,  goes  far,  in  my  opin- 
ion, to  prove  that  we  actually  do  know  the  earliest 
types  of  the  animal  kingdom  which  have  inhabited 
our  globe.  This  conclusion  seems  fully  sustained  by 
the  fai  t  that  we  6nd  everywhere  below  this  oldest 
set  of  fossiliferous  beds,  oilier  stratified  rocks  in 
which  no  trace  of  organised  beings  can  be  found. 

•  See,  below,  Sect.  21. 

•  Sec,  below,  Sect.  1C. 

•  See,  below,  Beet,  15. 

•  See,  below,  Sect.  17. 

•  Sec,  below,  Sect.  6. 
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fauna  and  every  flora  upon  the  surface  of  the  globe.  How  great  the  diversity  of 
animals  and  plants  living  together  in  the  same  region  may  be,  can  be  ascertained  by 
the  perusal  of  special  works  upon  the  Zoology  and  Botany  of  different  countries,  or 
from  special  treatises  upon  the  geographical  distribution  of  animnls  and  plants.1  I 
need,  therefore,  not  enter  into  further  details  upon  this  subject,  especially  since  it  is 
discussed  more  fullv  below.1 

It  might,  perhaps,  be  urged,  that  animals  living  together  in  exceptional  conditions, 
and  exhibiting  structural  peculiarities  apparently  resulting  from  these  conditions,  such 
as  the  blind  fish,*  the  blind  crawfish,  and  the  blind  insects  of  the  Mammoth  Cave 
in  Kentucky,  furnish  uncontrovertible  evidence  of  the  immediate  influence  of  those 
exceptional  conditions  upon  the  organs  of  vision.  If  this,  however,  were  the  case, 
how  does  it  happen  that  that  remarkable  fish,  the  Amblgopm  ipelmts,  has  only  such 
remote  affinities  to  other  fishes  ?  Or  were,  perhaps,  the  sum  of  influences  at  work  to 
make  that  fish  blind,  capable  also  of  devising  such  a  combination  of  structural  charac- 
ters as  that  fish  has  in  common  with  all  other  fishes,  with  those  peculiarities  which 
at  the  same  time  distinguish  it?  Does  not,  rather,  the  existence  of  a  rudimentary 
eye  discovered  by  Dr.  J.  Wyman  in  the  blind  fish  show,  that  these  animals,  like  all 
others,  were  created  with  all  their  peculiarities  by  the  fiat  of  the  Almighty,  and  this 
rudiment  of  eyes  left,  them  as  a  remembrance  of  the  general  plan  of  structure  of 
the  great  type  to  which  they  belong?  Or  will,  perhaps,  some  one  of  those  natural- 
ists who  know  so  much  better  than  the  physicists  what  physical  forces  may  produce, 
and  that  they  may  produce,  and  have  produced  every  living  being  known,  explain 
also  to  us  why  subterraneous  caves  in  America  produce  blind  fishes,  blind  Crustacea, 
and  blind  insects,  while  in  Europe  they  produce  nearly  blind  reptiles?  If  there  is 
no  thought  in  the  case,  why  is  it,  then,  that  this  very  reptile,  the  Proietis  aitffitinu*, 
forms,  with  a  number  of  other  reptiles  living  in  North  America  and  in  Japan,  one  of 


1  ScrtMAtWA.  Die  gfographische  Vcrbreitung  tier 
Thiere,  3  vols.  8vo.  Wien,  1853.—  Swaixsox,  (W.,) 
A  TreittUe  on  the  Geography  nnd  Classification  of 
Animals,  London,  1833,1  voL  12mo. —  Ziumkkmaxn, 
(E.  A.  G.,)  S|K*einien  Zoologiic  geographine,  (.juudru- 
pedum  domicilia  et  migration!**  sistenn,  Lugduni-Ba- 
tav.,  1777,  1  vol.  4lo.— Hl  VBOt.PT,  KWi  sur  hi  geo- 
grnphie  des  planter,  4lo.,  Paris,  1805;  and  Ansichtcn 
der  Nntur,  3d  edit..  12m»..  Stuttgardt  and  Tubin- 
gen, IS  10.  —  RoBKET  Brown,  Genet-til  Remark*  on 
the  Botany  of  Terra  Australis,  London.  1814.— 
Scitorw,  Grundzuge  enter  allgemeinen  Ptluuxengeo- 
graphie,  1  vol.  8vo.,  with  atlas  in  fol.,  Berlin.  1823. 
— Aunt,  de  Candolle,  Geographic  botaniquo  rai- 


sonnuc,  2  vols.  8vo„  Paris,  185.').     References  to 
f|ie<ial  work*  may  be  found  below,  Sect.  9. 
1  See,  below.  Sect.  9. 

•  Wyman,  (Jkj\,)  Description  of  a  Blind  Fi*h, 
from  a  Cave  in  Kentucky,  Siiximan's  Jour.,  1H43, 
vol.  45,  p.  94,  and  1854,  vol.  17,  p.  258. — Tki.L- 
kampf,  (Tit.  G..)  felier  den  blind.n  Fisch  der  Mam- 
muthhohlc  in  Kenlueky,  in  Mcllkm'b  Arrhiv,  1844, 
p.  381.  —  TkLLKAMPT)  (Th.  C)  Besehreibung  eini- 
ger  neuer  in  der  Mammuthhohlc  aufgefundener  Gat- 
tungen  von  Gliedcrthicren,  Wieoman'r  Arehiv,  1844, 
vol.  I.,  p.  318.  —  AdAMLZ,  (L.,)  Observations  on  the 
Blind  Fish  of  the  Mammoth  Cave,  Sillijiax'*  Jour- 
nal, 1851,  vol.  11,  p.  127. 
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the  most  natural  series  known  in  the  animal  kingdom,  every  member  of  which 
exhibits  a  distinct  grade  1  in  the  scale  ? 

After  we  have  freed  ourselves  from  the  mistaken  impression  that  there  may  be 
some  genetic  connection  between  physical  forces  and  organized  beings,  there  remains 
ii  vast  field  of  investigation  to  ascertain  the  true  relations  between  both,  to  their  full 
extent,  and  within  their  natural  limits.*  A  mere  reference  to  the  mode  of  breathing 
of  different  types  of  aniuuds,  and  to  their  organs  of  locomotion,  which  are  more 
particularly  concerned  in  these  relations,  will  remind  every  naturalist  of  how  great 
importance  in  classification  is  the  structure  of  these  parts,  and  how  much  better  they 
might  be  understood  in  this  point  of  view,  were  the  different  structures  of  these 
organs  more  extensively  Btudied  in  their  direct  reference  to  the  world  in  which  ani- 
mals live.  If  this  had  been  done,  we  should  no  longer  call  by  the  same  common 
name  of  legs  and  wings  organs  so  different  as  the  locomotive  appendages  of  the 
insects  and  those  of  the  birds?  We  should  no  longer  call  lungs  the  breathing 
cavity  of  snails,  as  well  as  the  air  pipes  of  mammalia,  birds,  and  reptiles?  A  great 
reform  is  indeed  needed  in  this  part  of  our  science,  and  no  study  can  prepare  us 
better  for  it  than  the  investigation  of  the  mutual  dependence  of  the  structure  of 
animals,  and  the  conditions  in  which  they  live. 


SECTION  III. 

REPETITION  OF  IDENTICAL  TYPES  UNDER  THE  MOST  DIVERSIFIED  CIRCUMSTANCES. 

As  much  as  the  diversity  of  animals  and  plants  living  under  idcuticol  physical 
conditions,  shows  the  independence  of  organized  beings  from  the  medium  in  wliich 
they  dwell,  so  far  as  their  origin  is  concerned,  so  independent  do  they  appear  again 
from  the  same  influences  when  we  consider  the  fact  that  identical  types  occur  every- 
where upon  earth  under  the  most  diversified  circumstances.  If  we  sum  up  all  these 
various  influences  and  conditions  of  existence  under  the  common  appellation  of 
cosmic  influences,  or  of  physical  causes,  or  of  climate  in  the  widest  sense  of  the 
word,  and  then  look  around  us  for  the  extreme  differences  in  that  respect  upon  the 
whole  surface  of  the  globe,  we  find  still  the  most  similar,  nay  identical  types  (and  I 
allude  here,  under  the  expression  of  type,  to  the  most  diversified  acceptations  of  the 
won!)  living  normally  under  their  action.  There  is  no  structural  difference  between 
the  herrings  of  the  Arctic,  or  those  of  the  Temperate  zone,  or  those  of  the  Tropics, 

»  See,  below,  Sect  11  '  Sop,  below,  Sect.  16. 
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or  those  of  the  Antarctic  regions;  there  are  not  any  more  between  the  foxes  and 
wolves  of  the  most  distant  parts  of  the  globe.1  Moreover,  if  there  were  any,  and 
the  specific  differences  existing  between  them  were  insisted  upon,  could  any  relation 
between  these  differences  and  the  cosmic  influences  under  which  they  live  be  pointed 
out,  which  would  at  the  same  time  account  for  the  independence  of  their  structure 
in  general?  Or,  in  other  words,  how  could  it  be  assumed  that  while  these  causes 
would  produce  specific  differences,  they  would  at  the  same  time  produce  generic 
identity,  family  identity,  ordinal  identity,  class  identity,  typical  identity?  Identity  in 
every  thing  that  is  truly  important,  high,  and  complicated  in  the  structure  of  ani- 
mals, produced  by  the  most  diversified  influences,  while  at  the  same  time  these 
extreme  physical  differences,  considered  as  the  cause  of  the  existence  of  these  ani- 
mals, would  produce  diversity  in  secondary  relations  only!    What  logic! 

Does  not  all  this  show,  on  the  contrary,  that  organized  beings  exhibit  the  most 
astonisliing  independence  of  the  physical  causes  under  which  they  live;  an  independ- 
ence so  great  that  it  can  only  be  understood  as  the  result  of  a  power  governing 
these  physical  causes  as  well  as  the  existence  of  animals  and  plants,  and  bringing  all 
into  harmonious  relations  by  adaptations  which  never  can  be  considered  as  cause  and 
effect? 

When  naturalists  have  investigated  the  influence  of  physical  causes  upon  living 
beings,  they  have  constantly  overlooked  the  fact  that  the  features  which  are  thus 
modified  are  only  of  secondary  importance  in  the  life  of  animals  and  plants,  and 
that  neither  the  plan  of  their  structure,  nor  the  various  complications  of  that  struc- 
ture, are  ever  affected  by  such  influences.  What,  indeed,  arc  the  parts  of  the  body 
which  are,  in  any  way,  affected  by  external  influences?  Chiefly  those  which  are  in 
immediate  contact  with  the  external  world,  such  as  the  skin,  and  in  the  skin  chiefly 
its  outer  layers,  its  color,  the  thickness  of  the  fur,  the  color  of  the  hair,  the  feathers, 
and  the  scales ;  then  the  size  of  the  body  and  its  weight,  as  far  as  it  is  dependent  on 
the  quality  and  quantity  of  the  food ;  the  thickness  of  the  shell  of  Mollusks,  when 
they  live  in  waters  or  upon  a  soil  containing  more  or  less  limestone,  ete.  The 
rapidity  or  slowness  of  the  growth  is  also  influenced  in  a  measure  by  the  course  of 
the  seasons,  in  different  years;  so  is  also  the  fecundity,  the  duration  of  life,  eta 
But  all  this  has  nothing  to  do  with  the  essential  characteristics  of  animals. 

A  book  has  yet  to  be  written  upon  the  independence  of  organized  beings  of 
physical  causes,  as  most  of  what  is  generally  ascribed  to  the  influence  of  physical 
agents  upon  organized  beings  ought  to  be  considered  as  a  connection  established 
between  them  in  the  general  plan  of  creation. 


1  Innumerable  oilier  examples  might  be  quoted, 
which  will  readily  present  themselves  to  professional 

3 


iuituruli«t« ;  tho«e  mentioned  above  may  suffice  for 
my  argument. 
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SECTION  IV. 

UNITY  OF  PLAN  IN  OTHERWISE  HIGHLY  DIVERSIFIED  TYPES. 

Nothing  is  more  striking  throughout  the  animal  and  vegetahle  kingdoms  than  the 
unity  of  plan  in  the  structure  of  the  most  diversified  types.  From  pole  to  pole,  in 
every  longitude,  mammalia,  birds,  reptiles,  and  fishes,  exhibit  one  and  the  same  plan 
of  structure,1  involving  abstract  conceptions  of  the  highest  order,  far  transcending  the 
broadest  generalizations  of  man,  for  it  is  only  after  the  most  laborious  investigations 
man  has  arrived  at  an  imperfect  understanding  of  this  plan.  Other  plans,  equally 
wonderful,  may  be  traced  in  Articulato,  in  Mollusks,  in  Radiato,*  and  in  the  various 
types  of  plants,*  and  yet  this  logical  connection,  these  beautiful  harmonies,  this  infi- 
nite diversity  in  unity  arc  represented  by  some  as  the  result  of  forces  exhibiting  no 
trace  of  intelligence,  no  power  of  thinking,  no  faculty  of  combination,  no  knowledge 
of  time  and  space.  If  there  is  any  thing  which  places  man  above  all  other  beings 
in  nature,  it  is  precisely  the  circumstance  that  he  possesses  those  noble  attributes 
without  which,  in  their  most  exalted  excellence  and  perfection,  not  one  of  these 


*  With  reference  to  this  point,  consult:  Ox  ex, 
(Lor.,)  Ueber  die  Bedeutung  der  Schndel-Knochen, 
Frankfort,  1807,  4to.  (pamphlet.)—  Snx,  (J.  B.) 
Ccplmlogencsis  sivo  capitis  ossci  structum,  formatio 
et  significntin,  Momu-hii,  1815,  fol.  —  Geokfkot  St. 
HlLAlRE,  (Et.,)  Philosophic  nnalomique,  Paris 
1818-1823,  2  vol*.  8vo.,  and  several  paper*  in  the 
Annul,  des  sc.  nut.,  Annul,  and  Mem.  du  Mu.<*?um, 
etc  —  Carcs,  (C.  G.,)  Von  den  Ur-Theilen  de* 
KiKwhcn-  und  SchnlengeriMes  Leipzig,  1828,  fol. — 
Owex,  (R.)  On  the  Archetype  and  Homologies  of 
the  Vertebrate  Skeleton,  London,  1848,  8vo. 

*  Oken.  (Lor.,)  Lehrbuch  der  Naturphilosophie, 
Jena,  1MO0-11,  3  vol*.  8vo.;  Engl.  Element*  of 
Physio-philosophy,  Rny  Society,  London,  1847,  8vo. 
—  Covin,  (G.,)  Sur  un  nouveau  rapprochement  a 
etablir  entrc  les  classes  qui  comment  |e  Kigne  Ani- 
mal. Annale*  du  Murium,  vol.  xix.,  1S12. —  S.wt- 
OST,  (J.  C.,)  Mcmoires  sur  les  animaux  can*  verti- 
brcs  Paris,  1H1G,  8vo.-I1.ier,  (C.  E.  v..)  Febcr 
Entwickclungsgochichto  der  'niiere,  Konigslierg, 
18>S,  4to. — LeL'KaRDT,  (R.,)  Ueber  die  Morphologic 


und  die  Vcrwondtichaftsvcrhiiltnuwe  der  wirbellosen 
Thicre,  Braunschweig,  1H48,  8vo.  —  Agassis,  (L-,) 
Twelve  Lectures  on  Compumtive  Embryology,  Bos- 
ton, 184'J,  8vo.— On  Animal  Morphology,  Proc.  Amer. 
Assoc.  for  the  Adv.  of  Science,  Boston,  1850,  8vo.,  p. 
411.  I  would  call  particular  attention  to  this  paper, 
which  has  immediate  reference  to  the  subject  of  this 
chnpter.  —  CAHt  s,  (V.,)  System  der  thierischen  Mor- 
phologic, Leipzig,  1853,  1  vol.  8vo. 

*  GoTIlE,  (J.  W..)  Zur  Naturwisscnhnn  liber- 
haupt,  besonders  zur  Morphologic,  Stuttgnrdt,  1817- 
24,  2  vols.  8vo.;  French,  Oeuvres  d'hisioire  nntu- 
relle,  comprenant  divers  me* moire*  d' Anatomic  com- 
puree,  de  Hotonique  et  de  Geologic,  traduits  et  ftn- 
notes  par  Ch.  Fr.  Martins  Paris  1»3".  8vo. ;  atlas 
in  fol.  —  DeCaxoollk,  (A.  P..)  Orgnnograpliic 
vvgvtale,  Paris.  1827,  2  vols.  8va  —  Braik,  (Al.,) 
Vergleichendc  1'ntcrsuchung  Uber  die  Ordnung  der 
Scbup|ien  an  den  Tannenzapfcn,  als  Einleiturig  zur 
Untersucbung  der  Blattstellung  uberhnupt,  Act.  Nov. 
Ac.  Nat.  Curios.,  vol.  xv.,  1829.  —  Dos  Individuum 
der  Pflnnze,  Akod.  d.  Wiss.,  Berlin,  1853,  4to. 
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general  traits  of  relationship  ho  characteristic  of  the  great  types  of  the  animal  and 
vegetable  kingdoms,  can  be  understood,  or  even  perceived.  How,  then,  could  these 
relations  have  been  devised  without  similar  powers?  If  all  these  relations  are  almost 
beyond  the  reach  of  the  mental  powers  of  man,  and  if  man  himself  is  part  and 
parcel  of  the  whole  system,  how  could  this  system  have  been  called  into  existence 
if  there  does  not  exist  One  Supreme  Intelligence,  as  the  Author  of  all  things? 


SECTION  V. 

CORRESPONDENCE  IN  THE  DETAILS  OF  STRUCTURE  IN  ANIMALS  OTHERWISE  ENTIRELY 

DISCONNECTED. 

During  the  first  decade  of  this  century,  naturalists  began  to  study  relations  among 
animals  which  had  escaped  almost  entirely  the  attention  of  earlier  observers.  Though 
Aristotle  knew  already  that  the  scales  of  fishes  correspond  to  the  feathers  of  birds,' 
it  is  but  recently  that  anatomists  have  discovered  the  close  correspondence  which 
exists  between  all  the  parts  of  all  animals  belonging  to  the  same  type,  however  dif- 
ferent they  may  appear  at  first  sight  Not  only  is  the  wing  of  the  bird  identical  in 
its  structure  with  the  arm  of  man,  or  the  fore  leg  of  a  quadruped,  it  agrees  quite  as 
closely  with  the  fin  of  the  whale,  or  the  pectoral  fin  of  the  fish,  and  all  these 
together  correspond  in  the  same  manner  with  their  hind  extremities.  Quite  as  strik- 
ing a  coincidence  is  observed  between  the  solid  skull-box,  the  immovable  bones 
of  the  face  and  the  lower  jaw  of  man  and  the  other  mammalia,  and  the  structure  of 
the  bony  frame  of  the  head  of  birds,  turtles,  lizards,  snakes,  frogs,  and  fishes.  But 
this  correspondence  is  not  limited  to  the  skeleton;  every  other  system  of  organs 
exhibits  in  these  animals  the  same  relations,  the  same  identity  in  plan  and  structure, 
whatever  be  the  differences  in  the  form  of  the  parts,  in  their  number,  and  even  in 
their  functions.  Such  an  agreement  in  the  structure  of  animals  is  called  their 
homology,  and  is  more  or  less  close  in  proportion  as  the  animals  in  which  it  is 
traced  are  more  or  less  nearly  related. 

The  same  agreement  exists  between  the  different  systems  and  their  parts  in  Artic- 
ulata,  in  Mollusks,  and  in  Radiata,  only  that  their  structure  is  built  up  upon  respec- 
tively different  plans,  though  in  these  three  types  the  homologies  have  not  yet  been 
traced  to  the  same  extent  as  among  Vertebrata.     There  is  therefore  still  a  wide 

*  Akistotelks,  Ilutnria  Animulium,  Lib.  I.,  Chap.  Sect.  4,  notes  1  and  2,  and  the  many  other  works, 
1,  Sect.  4.  o  yap  ir  ,'Vn»,  ,niUr,  Toero  ir  ijjfli'i  pamphlet*,  and  paper*,  quoted  by  them,  which  are  ton 
lou  la,*.  —  Consult  also  the  authors  referred  to  in       numerous  to  be  mentioned  here. 
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field  open  for  investigations  in  this  most  attractive  branch  of  Zoology.  So  much, 
however,  Is  already  plain  from  what  has  been  done  in  this  department  of  our  science, 
that  the  identity  of  structure  among  animals  does  not  extend  to  all  the  four  branches 
of  the  animal  kingdom;  that,  on  the  contrary,  every  great  type  is  constructed  upon 
a  distinct  plan,  so  peculiar,  indeed,  that  homologies  cannot  be  extended  from  one 
type  to  the  other,  but  are  strictly  limited  within  each  of  them.  The  more  remote 
resemblance  which  may  be  traced  between  representatives  of  different  types,  is 
founded  upon  analog},1  and  not  upon  affinity.  While,  for  instance,  the  head  of 
fishes  exhibits  the  most  striking  homology  with  that  of  reptiles,  birds,  and  mammalia, 
a*  a  whole,  as  well  as  in  all  its  parts,  that  of  Articulata  is  only  analogous  to  it  and 
to  its  part  What  is  commonly  called  head  in  Insects  is  not  a  head  like  that  of 
Vertebrate;  it  has  not  a  distinct  cavity  for  the  brain,  separated  from  that  which 
communicates  below  the  neck  with  the  chest  and  abdomen;  its  solid  envelope  does 
not  consist  of  parts  of  an  internal  skeleton,  surrounded  by  flesh,  but  is  formed  of 
external  rings,  like  those  of  the  body,  soldered  together;  it  contains  but  one  cavity, 
which  includes  the  cephalic  ganglion,  as  well  as  the  organs  of  the  mouth,  and  all  the 
muscles  of  the  head.  The  same  may  be  said  of  the  chest,  the  legs  and  wings,  the 
abdomen,  and  all  the  parts  they  contain.  The  cephalic  ganglion  is  not  homologous 
to  the  brain,  nor  are  the  organs  of  senses  homologous  to  those  of  Vertebrata,  even 
though  they  perform  the  same  functions.  The  alimentary  canal  is  formed  in  a  very 
different  way  in  the  embryos  of  the  two  types,  as  arc  also  their  respiratory  organs, 
and  it  is  as  unnatural  to  identify  them,  as  it  would  be  still  to  consider  gills  and 
lungs  as  homologous  among  Vertebrata  now  embryology  has  tnught  us  that  in  differ- 
ent stages  of  growth  these  two  kinds  of  respiratory  organs  exist  in  all  Vertebrata  in 
very  different  organic  connections  one  from  the  other. 

What  is  true  of  the  branch  of  Articulata  when  compared  to  that  of  Vertebrata, 
is  equally  true  of  the  Mollusks  nnd  Radiata  when  compared  with  one  another  or 
with  the  two  other  types,  as  might  easily  be  shown  by  a  fuller  illustration  of  the 
correspondence  of  their  structure,  within  these  limits.  This  inequality  hi  the  fun- 
damental character  of  the  structure  of  the  four  branches  of  the  animal  kingdom 
points  to  the  necessity  of  a  radical  reform  in  the  nomenclature  of  comparative 
anatomy.1  Some  naturalists,  however,  have  already  extended  such  compirisons 
respecting  the  structure  of  animals  beyond  the  limits  pointed  out  by  nature,  when 
they  have  attempted  to  show  that  all  structures  may  be  reduced  to  one  norm,  and 


1  See  Swaisbox,  (W.,)  On  the  Geography  and 
ClAJxilirstion  of  Animals  London,  183u,  12mi>.,  p. 
129.  where  thU  point  in  ably  discussed. 

«  Set  Agassis,  (L.,)  On  the  Strueturu  and  Ho- 


mologies of  Radiated  Animals  with  Reference  to 
the  Systematic  Position  of  the  Ilydroid  Polypi, 
Proe.  of  the  Amer.  A»wr.  for  the  Adv.  of  Science 
for  m'i,  Ronton,  1850,  1  voL  8vo.  p.  389. 
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when  they  have  maintained,  for  instance,  that  every  hone  existing  in  any  Vertebrate 
must  have  its  counterpart  in  every  other  specie*  of  that  type.  To  assume  such  a 
uniformity  among  animals,  would  amount  to  denying  to  the  Creator  even  M  much 
freedom  in  expressing  his  thoughts  as  man  enjoys. 

If  it  be  true,  as  pointed  out  above,  that  all  animals  are  constructed  upon  four 
different  plans  of  structure,  in  such  a  manner  that  all  the  different  kinds  of  animals 
are  only  different  expressions  of  these  fundamental  formula?,  we  may  well  compare 
the  whole  animal  kingdom  to  a  work  illustrating  four  great  ideas,  between  which 
there  is  no  other  connecting  link  than  the  unity  exhibited  in  the  eggs  in  which  their 
most  diversified  manifestations  are  first  embodied  in  an  embryonic  form,  to  undergo 
a  series  of  transformations,  and  appear  in  the  end  in  that  wonderful  variety  of  inde- 
pendent living  beings  which  inhabit  our  globe,  or  have  inhabited  it  from  the  earliest 
period  of  the  existence  of  life  upon  its  surface. 

The  most  surprising  feature  of  the  animal  kingdom  seems,  however,  to  me  to 
rest  neither  in  its  diversity,  nor  in  the  various  degrees  of  complication  of  its  struc- 
ture, nor  in  the  close  affinity  of  some  of  its  representatives,  while  others  are  so 
different,  nor  in  the  manifold  relations  of  all  of  them  to  one  another  and  the  sur- 
rounding world,  but  in  the  circumstance  that  beings  endowed  with  such  different  and 
such  unequal  gifts  should  nevertheless  constitute  an  harmonious  whole,  intelligibly 
connected  in  all  its  parts. 


VARIOUS  DEGREES  AXD  DIFFERENT  KIXD8  OF  RELATIONSHIP  AMONG  ANIMALS. 

The  degrees  of  relationship  existing  between  different  animals  are  most  diversified. 
They  are  not  only  akin  as  representatives  of  the  same  species,  bearing  as  such  the 
closest  resemblance  to  one  another;  different  species  may  also  be  related  as  members 
of  the  same  genus,  the  representatives  of  different  genera  may  belong  to  the  same 
family,  and  the  same  order  may  contain  different  families,  the  same  class  different 
orders,  and  the  same  type  several  classes.  The  existence  of  different  degrees  of 
affinity  between  animals  and  plants  which  have  not  the  remotest  genealogical  connec- 
tion, which  live  in  the  most  distant  parts  of  the  world,  which  have  existed  in  periods 
long  gone  by  in  the  history  of  our  earth,  is  a  fact  beyond  dispute,  at  least,  within 
certain  limits,  no  longer  controverted  by  well  informed  observers.  Upon  what  can 
this  be  founded  ?  Is  it  that  the  retentive  capacity  of  the  memory  of  the  physical 
forces  at  work  upon  this  globe  is  such,  that  after  bringing  forth  a  type  according  to 
one  pattern,  in  the  infancy  of  this  earth,  that  pattern  was  adhered  to  under  conditions, 
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no  matter  how  diversified,  to  reproduce,  at  another  period,  something  similar,  and  so 
on,  through  all  ages,  until  at  the  period  of  the  establishment  of  the  present  state  of 
things,  all  the  infinitude  of  new  animals  and  new  plant*  which  now  crowd  its  surface, 
should  be  cast  in  these  four  moulds,  in  such  a  manner  as  to  exhibit,  notwithstanding 
their  complicated  relations  to  the  surrounding  world,  all  those  more  deeply  seated 
general  relations,  which  establish  among  them  the  different  degrees  of  affinity  we 
may  trace  so  readily  in  all  the  representatives  of  the  same  type?  Does  all  this 
really  look  more  like  the  working  of  blind  forces  than  like  the  creation  of  a  reflec- 
tive mind  establishing  deliberately  all  the  categories  of  existence  we  recognize  in 
nature,  and  combining  them  in  that  wonderful  harmony  which  unites  all  things  into 
such  a  perfect  system,  that  even  to  read  it,  as  it  is  established,  or  even  with  all  the 
imperfections  of  a  translation,  should  be  considered  as  the  highest  achievement  of 
the  maturest  genius? 

Nothing  seems  to  me  to  prove  more  directly  and  more  fully  the  action  of  a 
reflective  mind,  to  indicate  more  plainly  a  deliberate  consideration  of  the  subject, 
than  the  different  categories  upon  which  species,  genera,  families,  orders,  classes,  and 
branches  are  founded  in  nature,  and  manifested  in  material  reality  in  a  succession  of 
individuals,  the  life  of  which  is  limited  in  its  duration  to  comparatively  very  shoit 
periods.  The  great  wonder  in  these  relations  consists  in  the  fugitive  character  of  the 
bearers  of  this  complicated  harmony.  For  while  species  persist  during  long  periods, 
the  individuals  which  represent  them  are  ever  changing,  one  set  dying  after  the 
other,  in  quick  succession.  Genera,  it  is  true,  may  extend  over  longer  periods;  fami- 
lies, orders,  and  classes  may  even  have  existed  during  all  periods  during  which 
animals  have  existed  at  all;  but  whatever  may  have  been  the  duration  of  their 
existence,  at  all  times  these  different  divisions  have  stood  in  the  same  relation  to 
one  another  and  to  their  respective  branches,  and  have  always  been  represented 
upon  our  globe  in  the  same  manner,  by  a  succession  of  ever  renewed  and  short-lived 
individuals. 

As,  however,  the  second  chapter  of  this  work  is  entirely  devoted  to  the  consider- 
ation of  the  different  kinds  and  the  different  degrees  of  affinity  existing  among 
animals,  I  will  not  enter  here  into  any  details  upon  this  subject,  but  simply  recall 
the  fact  that,  in  the  course  of  time,  investigators  have  agreed  more  and  more  with 
one  another  in  their  estimates  of  these  relations,  and  built  up  systems  more  and 
more  conformable  to  one  another.  This  result,  which  is  fully  exemplified  by  the 
history  of  our  science,1  is  in  itself  sufficient  to  show  that  there  is  a  system  in  nature 


•  Si-ix,  (J.,)  Gwliichte  utiil  Bcurthctlunj?  »lli»r 
Syntonic  in  der  Zoologi.-,  XurnUrg.  1811,  1  vol  8vo. 
—  CuviKR,  (G.,)  Histoirc  dc»  progre*  des  science* 


niuurellcs,  Pnrio,  1826,  4  vol*.  8vo. —  Iliatoirc  do* 
meows  imturvlles,  elc,  Paris,  1841,  5  vols.  8vo. 
—  DkBlainville,  (II.,)  HLstoirc  dea  science*  de 
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to  which  the  different  systems  of  authors  are  successive  approximations,  more  and 
more  closely  agreeing  with  it,  in  proportion  as  the  human  mind  has  understood 
nature  better.  This  growing  coincidence  between  our  systems  and  that  of  nature 
shows  further  the  identity  of  the  operations  of  the  human  and  the  Divine  intellect ; 
especially  when  it  is  remembered  to  what  an  extraordinary  degree  many  d  priori 
conceptions,  relating  to  nature,  have  in  the  end  proved  to  agree  with  the  reality, 
in  spite  of  every  objection  nt  first  offered  by  empiric  observers. 


SECTION  VII. 

.    SIMULTANEOUS  EXISTENCE  IN  THE  EARLIEST  GEOLOGICAL  PERIODS,  OF  ALL  THE  GREAT 

TYPES  OF  ANIMALS. 

It  was  formerly  believed  by  geologists  and  palaeontologists  that  the  lowest  animals 
first  made  their  appearance  upon  this  globe,  and  that  they  were  followed  by  higher 
and  higher  types,  until  man  crowned  the  series.  Every  geological  museum,  repre- 
senting at  all  the  present  state  of  our  knowledge,  may  now  furnish  the  evidence 
that  this  is  not  the  case.  On  the  contrary,  representatives  of  numerous  families 
belonging  to  all  the  four  great  branches  of  the  animal  kingdom,  are  well  known  to 
have  existed  simultaneously  in  the  oldest  geological  formations.1  Nevertheless,  I  well 
remember  when  I  used  to  hear  the  great  geologists  of  the  time  assert,  that  the 
Corals  were  the  first  inhabitants  of  our  globe,  that  Mollusks  and  Articulata  followed 
in  order,  and  that  Vertebrates  did  not  appear  until  long  after  these.  What  an 
extraordinary  change  the  lost  thirty  years  have  brought  about  in  our  knowledge,  and 
the  doctrines  generally  adopted  respecting  the  existence  of  animals  and  plants  in  past 
ages!  However  much  naturalists  may  still  differ  in  their  views  regarding  the  origin, 
the  gradation,  and  the  affinities  of  animals,  they  now  all  know  that  neither  Radiata, 
nor  Mollusks,  nor  Articulata,  have  any  priority  one  over  the  other,  as  to  the  time 


l'organisation  el  de  leur*  prugrv*.  Pari",  1847,  8  vol*. 
8vo.  —  Polciiet,  (F.  A.,)  Ilistoire  des  science*  na- 
turrllcs  au  woven  age.  Pari*,  1853,  1  vol.  8vo. 
Compare,  also,  Cliap.  II.,  below. 

1  Mrncimos,  (R.  I..)  The  Silurian  System,  Lon- 
don, 1839.  1  vol.  4lo.— Mi  nciiiBON,  (Srn  It  I.,) 
Siluria.  The  History  of  the  01<le»l  Known  Rocks 
containing  Fossils,  London,  1834.  1  vol.  8vo.  — Mltt- 
cnuox,  (R.  I.,)  m  Vebxeiil,  (Ep.,)  and  K\i- 


8ERL1XO,  (Coi-NT  ALF.X.  VOX.)  The  Geology  of 
Russia  in  Enrope,  and  the  Ural  Mountain*,  London, 
1846,  2  vols.  4to. —  Hall,  (James.)  Palaeontology 
of  New  York,  Albany,  1847-52,  2  vols.  4to-  —  Bab- 
Bande,  (J..)  Systeme  silurien  du  centre  de  la  Bo- 
hemc,  Prague  and  Paris,  1852,  2  vols.  4tO>—  Sepo- 
wick,  (A.,)  and  McKoT,  (Fb..)  British  Pahroioie 
Rocks  and  Fossil*,  London,  1851,  4to.  2  fasc.;  not 
yet  complete. 
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of  their  first  appearance  upon  earth;  and  though  some  still  maintain  that  Vertebrata 
originated  somewhat  later,  it  is  universally  conceded  that  they  were  already  in  exist- 
ence toward  the  end  of  the  first  great  epoch  in  the  history  of  our  globe.  I  think 
it  would  not  be  difficult  to  show  upon  physiological  grounds  that  their  presence  upon 
earth  dates  from  as  early  a  period  as  any  of  the  three  other  great  types  of  the 
animal  kingdom,  since  fishes  exist  wherever  Radiata,  Mollusks,  and  Articulata  arc 
found  together,  and  the  plan  of  structure  of  these  four  great  types  constitutes  a 
system  intimately  connected  in  its  very  essence.  Moreover,  for  the  last  twenty 
years,  every  extensive  investigation  among  the  oldest  fossiliferous  rocks  has  carried 
the  origin  of  Vertebrata  step  by  step  further  back,  so  that  whatever  may  be  the 
final  solution  of  tliis  vexed  question,  so  much  is  already  established  by  innumerable 
facts,  that  the  idea  of  a  gradual  succession  of  Radiata,  Mollusks,  Articulata,  and  Ver- 
tebrata, is  for  ever  out  of  the  question.  It  is  proved  beyond  doubt,  that  Radiata, 
Mollusca,  and  Articulata  are  everywhere  found  together  in  the  oldest  geological  for- 
mations, and  tliat  very  early  Vertebrata  are  associated  with  them,  to  continue 
together  through  all  geological  ages  to  the  present  time.  This  shows  that  even  in 
those  early  days  of  the  existence  of  our  globe,  when  its  surface  did  not  yet  present 
those  diversified  features  which  it  has  exhibited  in  later  periods,  and  which  it  exhibits 
in  still  greater  variety  now,  animals  belonging  to  all  the  great  types  now  represented 
upon  earth,  were  simultaneously  called  into  existence.  It  shows,  further,  that  unless 
the  physical  elements  then  at  work  could  have  devised  such  plans,  and  impressed 
them  upon  the  material  world  as  the  pattern  upon  which  Nature  was  to  build  for 
ever  afterwards,  no  such  general  relations  as  exist  among  all  animals,  of  all  geo- 
logical periods,  as  well  as  among  those  now  living,  could  ever  have  existed. 

This  is  not  all :  every  class  among  Radiata,  Mollusks,  and  Articulata,  is  known 
to  have  been  represented  in  those  earliest  days,  with  the  exception  of  the  Acalephs1 
and  Insects  only.  It  is,  therefore,  not  only  the  plan  of  the  four  great  types  which 
must  have  been  adopted  then,  the  manner  in  which  these  plans  were  to  be  executed, 
the  systems  of  form  under  which  these  structures  were  to  be  clothed,  even  the  ulti- 
mate details  of  structure  which  in  different  genera  bear  definite  relations  to  those  of 
other  genera;  the  mode  of  differentiation  of  species,  and  the  nature  of  their  rela- 
tions to  the  surrounding  media,  must  likewise  have  been  determined,  as  the  character 
of  the  classes  is  as  well  defined  as  that  of  the  four  great  branches  of  the  animal 
kingdom,  or  that  of  the  families,  the  genera,  and  the  species.  Again,  the  first  rep- 
resentatives of  each  class  stand  in  definite  relations  to  their  successors  in  later 

1  AcnlepliK  have  been  found  in  the  Jurassic  Lime-  Boftiw-s*  of  their  body.  Insect*  are  known  H  early 
(tone  of  Solenhofen ;  their  absence  in  other  forma-  as  the  C.rlwnifcrous  Formation,  and  may  hare  ex- 
lion*  may  be  owing  simply  to  the  extraordinary       wed  before. 
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periods,  and  as  their  order  of  apparition  corresponds  to  the  various  degrees  of  com- 
plication in  their  structure,  and  forms  natural  series  closely  linked  together,  this 
natural  gradation  must  have  been  contemplated  from  the  very  beginning.  There 
can  be  the  less  doubt  upon  this  point,  as  man,  who  comes  last,  closes  in  his  own 
cycle  a  series,  the  gradation  of  which  points  from  the  very  beginning  to  him  as  its 
last  term.  I  think  it  can  be  shown  by  anatomical  evidence  that  man  is  not  only 
the  last  and  highest  among  the  living  beings,  for  the  present  period,  but  that  he  is 
the  last  term  of  a  series  beyond  which  there  is  no  material  progress  possible  upon 
the  plan  upon  which  the  whole  animal  kingdom  is  constructed,  and  that  the  only 
improvement  we  may  look  to  upon  earth,  for  the  future,  must  consist  in  the  develop- 
ment of  man's  intellectual  and  moral  faculties.1 

The  question  has  been  raised  of  late  how  far  the  oldest  fossils  known  may  truly 
be  the  remains  of  the  first  inhabitants  of  our  globe.  No  doubt  extensive  tracts  of 
fossiliferous  rocks  have  been  intensely  altered  by  plutonic  agencies,  and  their  organic 
contents  so  entirely  destroyed,  and  the  rocks  themselves  so  deeply  metamorphosed, 
that  they  resemble  now  more  closely  eruptive  rocks  even  than  stratified  deposits. 
Such  changes  have  taken  place  again  and  again  up  to  comparatively  recent  periods, 
and  upon  a  very  large  scale.  Yet  there  are  entire  continents,  North  America,  for 
instance,  in  which  the  palaeozoic  rocks  have  undergone  little,  if  any,  alteration,  and 
where  the  remains  of  the  earliest  representatives  of  the  animal  and  vegetable  king- 
doms are  as  well  preserved  as  in  later  formations.  In  such  deposits  the  evidence  is 
satisfactory  that  a  variety  of  animals  belonging  to  different  classes  of  the  great 
branches  of  the  animal  kingdom  have  existed  simultaneously  from  the  beginning;  so 
that  the  assumption  of  a  successive  introduction  of  these  types  upon  earth  is  flatly 
contradicted  by  well  established  and  well  known  facts.*  Moreover,  the  remains  found 
in  the  oldest  deposits,  are  everywhere  closely  allied  to  one  another.  In  Russia,  in 
Sweden,  in  Bohemia,  and  in  various  other  parts  of  the  world,  where  these  oldest 
formations  have  been  altered  upon  a  more  or  less  extensive  scale,  as  well  as  in 
North  America,  where  they  have  undergone  little  or  no  change,  they  present  the 
same  general  character,  that  close  correspondence  in  their  structure  and  in  the 
combination  of  their  families,  which  shows  them  to  have  belonged  to  contempora- 
neous faunas.  It  would,  therefore,  seem  that  even  where  metamorphic  rocks  prevail, 
the  traces  of  the  earliest  inhabitants  of  this  globe  have  not  been  entirely  obliterated. 


1  Agassiz.  (L.,)  An  Introduction  to  the  Study 
of  Natural  History,  New  York,  1847,  8vo.  p.  57. 
*  Agassiz,  (L.,)  The  Primitive  Diversity  and 
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Number  of  Animate  in  Geological  Time*,  Amer. 
Journ.  of  Science  and  Arte,  2d  fer,  voL  17,  lH.il, 
p.  309. 
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SECTION  VIII. 

THE  GRADATION  OF  STRUCTURE  AMONG  ANIMALS- 

There  is  not  only  variety  among  animals  and  plants;  they  differ  also  as  to  their 
standing,  their  rank,  their  superiority  or  inferiority  when  compared  to  one  another. 
But  this  rank  is  difficult  to  determine;  for  while,  in  some  respects,  all  animals  are 
equally  perfect,  as  they  perform  completely  the  part  assigned  to  them  in  the  general 
economy  of  nature,1  in  other  respects  there  are  such  striking  differences  between 
them,  thut  their  very  agreement  in  certain  features  points  at  their  superiority  or 
inferiority  in  regard  to  others. 

This  being  the  case,  the  question  first  arises,  Do  all  animals  form  one  unbroken 
series  from  the  lowest  to  the  highest  ?  Before  the  animal  kingdom  had  been  studied 
so  closely  as  it  has  been  of  late,  many  able  writers  really  believed  that  all  animals 
formed  but  one  simple  continuous  series,  the  gradation  of  which  Bonnet  has  been 
particularly  industrious  in  trying  to  ascertain.1  At  a  later  period,  Lamarck*  has 
endeavored  to  show  further,  thut  in  the  complication  of  their  structure,  all  the 
classes  of  the  animal  kingdom  represent  only  successive  degrees,  and  he  is  so 
thoroughly  convinced  tliat  in  his  systematic  arrangement  classes  constitute  one  grad- 
ual series,  that  he  actually  calls  the  classes  "degrees  of  organization."  DeBlainville* 
has  in  the  main  followed  in  the  steps  of  Lamarck,  though  he  does  not  admit  quite 
so  simple  a  series,  for  he  considers  the  Mollusks  and  Articulates  as  two  diverging 
branches  ascending  from  the  Radiato,  to  converge  again  and  unite  in  the  Vcrtcbrata. 
But  since  it  is  now  known  how  the  great  branches  of  the  animal  kingdom  may  be 
circumscribed*  notwithstanding  a  few  doubtful  points;  since  it  is  now  known  how 


1  F.hrf.nbf.ro,  (C.  C)  Dil*  Naturreich  des  Mon- 
frrhen,  oder  das  Reich  der  willcnsfrcien  besceltcn  Nii- 
turkorper,  in  23  Classen  ubersielillicli  geordnot,  Ber- 
lin, 1835,  folio,  (1  sheet). 

*  Bonnet,  (Cii.,)  Considerations  *ur  lea  corps' 
orguni-t  -.  Amsterdam,  17fi2,  2  vol*.  8vo. —  Contem- 
plations do  la  Nature,  Amsterdam,  1764-65,  2  vol*. 
8vo.—  I'ulinsenesie  philoMfUqmt  Geneve,  1769,  2 
vols.  8vo. 

'  Lamarck,  (J.  B.  i>e.)  PhiloaopMe  zoologize, 
Paris,  1809,  2  vol*.  8vo. 


*  Blainville,  (II.  1).  de.)  De  rOrganisation  des 
Animmix,  Paris,  1S22.  1  vol.  8vo. 

1  BumOMCE  (•!.  Fr.,)  Ilandbucli  der  verglei- 
chenden  Anatoraie,  Gottingen,  1824,  1  voL  8vo. ; 
i'nji.  by  W.  Lawrence,  London,  1827,  1  vol.  flvo. 
—  Crvtmi,  (G.,)  Lecon*  d' Anatomic  comparec,  rec. 
el  publ.  par  MM.  Dnmeril  et  Duvernoy,  Paris 
1 800-1 805,  5  vols.  8vo. ;  2de  edit.,  rev.  par  MM. 
F.  G.  Cuvier  et  Luurillard,  Paris,  1836-39,  10  vols. 
8vo.— Ct  viKit,  (G.,)  Lc  Rcgne  animal  distributS 
d'apri-s  son  organisation,  TarLs,  1817,  4  vols.  8vo.  I 


Digitized  by  Google 


Chap.  L        GRADATION  OF  STRUCTURE  AMONG  ANIMALS. 


27 


most  classes  should  be  characterized,  and  what  in  their  respective  standing;  since 
every  day  brings  dissenting  views,  respecting  the  details  of  clarification,  nearer 
together,  the  supposition  that  all  animals  constitute  one  continuous  gradated  series, 
can  be  shown  to  be  contrary  to  nature.  Yet  the  greatest  difficulty  in  this  inquiry, 
is  to  weigh  rightly  the  respective  standing  of  the  four  great  branches  of  the  whole 
animal  kingdom ;  for,  however  plain  the  inferiority  of  the  Radiata  may  seem,  when 
compared  with  the  bulk  of  the  Mollusks  or  Articulata,  or  still  more  evident  when 
contrasted  with  the  Vertebrata,  it  must  not  be  forgotten,  that  the  structure  of  most 
Echinoderms  is  far  more  complicated  than  that  of  any  Bryozoon  or  Ascidian  of  the 
type  of  Mollusks,  or  that  of  any  Helminth,  of  the  type  of  Articulata,  and,  perhaps, 
even  superior  to  that  of  the  Amphioxus  among  Vertebrata.  These  facts  are  so  well 
ascertained,  that  an  absolute  superiority  or  inferiority  of  one  type  over  the  other 
must  be  unconditionally  denied.  As  to  a  relative  superiority  or  inferiority  however, 
determined  by  the  bulk  of  evidence,  though  it  must  be  conceded  that  the  Vertebrata 
rank  above  the  three  other  types,  the  question  of  the  relative  standing  of  Mollusks 
and  Articulata  seems  rather  to  rest  upon  a  difference  in  the  tendency  of  their  whole 
organization,  than  upon  a  real  gradation  in  their  structure;  concentration  being  the 
prominent  trait  of  the  structure  of  Mollusks,  while  the  expression  '  outward  display  * 
would  more  naturally  indicate  that  of  Articulata,  and  so  it  might  seem  as  if  Mollusks 
and  Articulata  were  standing  on  nearly  n  level  with  one  another,  and  as  much 


2de  Hit.  1829-30,  5  vol.*.  8vo.;  3e  M\t.  illustreV 
1830  c(  suiv;  Engl.  Trans,  by  Griffith,  London, 
1824.  9  vols.  8vo.  —  Meckel,  (J.  F..)  System  der 
vergleichetiden  Anatomic,  Halle,  1821-31,  6  vols 
8vo. ;  French  Tmnsl.,  Paris,  1829-38,  10  vols.  8vo. 
— Treviranvs,  (G.  R,)  Biologic,  oder  Philosophic 
der  lebenden  Nadir,  (ioltingrn,  1802-1 G,  C  vols.  8vo. 
—  Die  Erscheinungen  und  Gcsctzc  des  orgnnisehen 
Lebens,  Bremen,  1831-37,  5  vol*.  8vo.  — Delle 
(  in  Istituzioni  d'Anatomia  e  Fisiologia  compa- 
raia.  Napoli.  1882,  8vo.  —  Caris,  (C.  G,)  Lehrbuch 
dcr  verglcichenden  Anatomic.  Leipzic,  1834,  2  vols., 
4to.,  fig.  2d  edit. ;  GruniL-iitze  der  vergleiehenden  Ana- 
tomic, Dresden,  1828,  8vo. ;  Engl,  by  II.  J.  Gore, 
Bath,  1827, 2  vols.  8vo.  Atlas.  —  Caris,  (C.  C)  and 
Otto.  (A.  W.)  ErUuitcrungstafelti  zur  vergleichcn- 
den  Anatomic,  Leipzic,  1826-40,  fol. —  Wauner, 
(R,)  Lehrbuch  dcr  vergleiehenden  Anatomic,  Leipzic, 
1834-35,  2  vol.  8vo. ;  Engl,  by  A.  Ti  lk,  London, 
1844,  1  vol.  8vo.;  2d  edit.  Lehrbuch  der  Zootomie, 


Leipzic,  1843-44,  1  vol.  8vo.,  2d  vol.  by  Fret  and 
Lecckarpt  ;  leones  anatomica?,  Leipzig,  1841,  fol. 
—  Grant,  (R  E.)  Outlines  of  Comparative  Anat- 
omy, London,  183;),  1  vol.  fol.  —  Jones,  (Kymkr.) 
A  General  Outline  of  the  Animal  Kingdom,  London, 
1838-39, 1  vol.8vo.  fig.;  2d  edit.  1854.  —  Toon,  (R 
B„)  Cyclo|>cdia  of  Anatomy  and  Physiology,  London, 
1835-52,  4  vol.  810.  fig. — Aoassiz,  (L.,)  and  Ooclo, 
(A.  A.,)  Principles  of  Zoology,  Boston,  1  vol.  8vo., 
2d  edit.  1851.  —  Owen,  (R,)  Lectures  on  the  Inver- 
tebrate Animals,  London,  1843,  1  vol.  fig. ;  2d  edit. 
1855.  —  Lectures  on  the  Com|M»ralive  Anatomy  of 
the  Vertebrate  Animals,  Fishes,  London,  184C,  1  vol. 
8vo.  fig.  —  Siebold,  (C.  Tit.  v.,)  und  Stan.niis, 
(IIkkm.,)  Lehrbuch  dcr  vergleichenden  Anatomic 
Berlin,  1845-46.  2  vol.  8vo.;  2d  edit.  1855;  Engl. 
Trans,  by  W.  J.  Burnett,  Boston,  1854. —  Berq- 
mann,  (C)  und  Lecckardt,  (R,)  Vergleichcndc 
Anntomie  und  Physiologic,  Stuttgardt,  1852,  1  vol. 
8vo.  fig. 
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above  Radiata,  a*  both  Rtand  below  Vertebrata,  but  constructed  upon  plans  expressing 
different  tendencies.  To  appreciate  more  precisely  these  most  general  relations 
among  the  great  types  of  the  animal  kingdom,  will  require  deeper  investigations  into 
the  character  of  their  plan  of  structure  than  have  been  made  thus  far.1  Let,  how- 
ever, the  respective  standing  of  these  great  divisions  be  what  it  may ;  let  them  differ 
only  in  tendency,  or  in  plan  of  structure,  or  in  the  height  to  which  they  rise, 
admitting  their  base  to  be  on  one  level  or  nearly  so,  so  much  is  certain,  that  in 
each  type  there  are  representatives  exhibiting  a  highly  complicated  structure  and 
others  which  appear  very  simple.  Now,  the  very  fact  that  such  extremes  may  be 
traced,  within  the  natural  boundaries  of  each  type,  shows  that  in  whatever  manner 
these  great  types  are  supposed  to  follow  one  another  in  a  single  series,  the  highest 
representative  of  the  preceding  type  must  join  on  to  the  lowest  representative  of 
the  following,  thus  bringing  necessarily  together  the  most  heterogeneous  forms.1  It 
must  be  further  evident,  that  in  proportion  as  the  internal  arrangement  of  each  great 
type  will  be  more  perfected,  the  greater  is  likely  to  appear  the  difference  at  the  two 
ends  of  the  series  which  are  ultimately  to  be  brought  into  connection  with  those  of 
other  series,  in  any  attempt  to  establish  a  single  series  for  all  animals. 

I  doubt  whether  there  is  a  naturalist  now  living  who  could  object  to  an  arrange- 
ment in  which,  to  determine  the  respective  standing  of  Radiata,  Polyps  would  be 
placed  lowest,  Acaleplis  next,  and  Echinoderms  highest;  a  similar  arrangement  of 
Mollusks  would  bring  Acephala  lowest,  Gasteropoda  next,  and  Cephalopoda  highest; 
Articulata  would  appear  in  the  following  order:  Worms,  Crustacea,  and  Insects,  and 
Vertebrata,  with  the  Fishes  lowest,  next  Reptiles  and  Rirds,  and  Mammalia  highest 
I  have  here  purposely  avoided  every  allusion  to  controverted  points.  Now  if  Mol- 
lusks were  to  follow  Radiata  in  a  simple  series,  Acephala  should  join  on  to  the 
Echinoderms;  if  Articulata,  Worms  would  be  the  connecting  link  We  should  then 
have  cither  Cephalopoda  or  Insects,  as  the  highest  term  of  a  scries  beginning  with 
Radiata,  followed  by  Mollusks  or  by  Articulates.  In  the  first  case,  Cephalopoda 
would  be  followed  by  Worms;  in  the  second,  Insects  by  Acephala  Again,  the  con- 
nection with  Vertebrata  woidd  be  made  either  by  Cephalopods,  if  Articulata  were 
considered  as  lower  than  Mollusks,  or  by  Insects,  if  Mollusks  were  placed  below 
Articulata.  Who  does  not  see,  therefore,  that  in  proportion  as  our  knowledge  of  the 
true  affinities  of  animals  is  improving,  we  accumulate  more  and  more  convincing 
evidence  against  the  idea  that  the  animal  kingdom  constitutes  one  simple  series? 


'  I  rejrret  to  be  unnbk*  to  refer  horn  to  the  con- 
tent* of  n  course  of  lectures  which  I  delivered  upon 
thin  mbjecl,  in  the  Smithsonian  Institution,  in  1802. 
Compare,  meanwhile,  ray  paper,  On  the  Differences 


between  Proprcsiiive,  Embryonic,  and  Prophetic 
Typos,  Proe.  Am.  Amoc,  for  1849,  p.  432. 

•  Aoasbiz,  (L.,)  Animal  Morphology,  Proa  Am. 
Assoc.  for  1S49.  p.  415. 
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The  next  question  would  then  he:  Does  the  animal  kingdom  constitute  several, 
or  any  number  of  graduated  series?  In  attempting  to  ascertain  the  value  of  the  less 
comprehensive  groups,  when  compared  to  one  another,  the  difficulties  seem  to  be 
gradually  less  and  less.  It  is  already  possible  to  mnrk  out  with  tolerable  precision, 
the  relative  standing  between  the  classes,  though  even  here  we  do  not  yet  perceive 
in  all  the  types  the  same  relations.  Among  Vertcbrnta,  there  can  be  little  if  any 
doubt,  that  the  Fishes  are  lower  than  the  Reptiles,  these  lower  than  Birds,  and  that 
Mammalia  stand  highest;  it  seems  equally  evident,  that  in  the  main,  Insects  and 
Crustacea  are  superior  to  Worms,  Cephalopoda  to  Gasteropoda  and  Acephala  and 
Echinoderms  to  Acalephs  and  Polypi.  But  there  are  genuine  Insects,  the  superiority 
of  which  over  many  Crustacea,  would  be  difficult  to  prove ;  there  are  Worms  which 
in  every  respect  appear  superior  to  certain  Crustacea ;  the  structure  of  the  highest 
Acephala  seems  more  perfect  than  that  of  some  Gasteropoda,  and  that  of  the  Halcyo- 
noid  Polyps  more  perfect  than  that  of  many  Ilydroids.  Classes  do,  therefore,  not 
seem  to  be  so  limited  in  the  range  of  their  characters,  as  to  justify  in  every  type  a 
complete  serial  arrangement  among  them.  But  when  we  come  to  the  orders,  it  can 
hardly  be  doubted  that  the  gradation  of  these  natural  divisions  among  themselves  in 
each  class,  constitutes  the  very  essence  of  this  kind  of  groups.  As  a  special  para- 
graph is  devoted  to  the  consideration  of  the  character  of  orders  in  my  next  chapter, 
I  need  not  dwell  longer  upon  this  point  here.1  It  will  be  sufficient  for  me  to 
remark  now,  that  the  difficulties  geologists  have  met  with,  in  their  attempts  to  com- 
pare the  rank  of  the  different  types  of  animals  and  plants  with  the  order  of  their 
succession  in  different  geological  periods,  has  chiefly  arisen  from  the  circumstance,  that 
they  have  expected  to  find  a  serial  gradation,  not  only  among  the  classes  of  the 
same  type,  where  it  ia  only  incomplete,  but  even  among  the  types  themselves, 
between  which  such  a  gradation  cannot  be  traced.  Had  they  limited  their  compari- 
sons to  the  orders  which  are  really  founded  upon  gradation,  the  result  would  have 
been  quite  different;  but  to  do  this  requires  more  familiarity  with  Comparative 
Anatomy,  with  Embryology  and  with  Zoology  proper,  than  can  naturally  be  expected 
of  those,  the  studies  of  which  are  chiefly  devoted  to  the  investigation  of  the  struct- 
ure of  our  globe. 

To  appreciate  fully  the  importance  of  this  question  of  the  gradation  of  animal*, 
and  to  comprehend  the  whole  extent  of  the  difficulties  involved  in  it,  a  superficial 
acquaintance  with  the  perplexing  question  of  the  order  of  succession  of  animals  in 
past  geological  ages,  is  by  no  means  sufficient;  a  complete  familiarity  with  the  many 
attempts  which  have  been  made  to  establish  a  correspondence  between  the  two,  and 
with  all  the  crudities  which  have  been  published  upon  this  subject,  might  dispel 


•  See  Chap.  II. 
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every  hope  to  arrive  at  any  satisfactory  result  upon  tliis  subject,  did  it  not  appear 
now,  that  the  inquiry  must  be  circumscribed  within  different  limits  to  be  conducted 
upon  ita  true  ground.  The  results  to  which  I  have  already  arrived,  since  I  have 
perceived  the  mistake  under  which  investigators  have  been  laboring  thus  far,  in 
this  respect,  satisfy  me  that  the  point  of  view  under  which  I  have  presented  the 
subject  here  is  the  true  one,  and  that  in  the  end,  the  characteristic  gradation 
exhibited  by  the  orders  of  each  class,  will  present  the  most  striking  correspondence 
with  the  character  of  the  succession  of  the  same  groups  in  past  ages,  and  afTord 
another  startling  proof  of  the  admirable  order  and  gradation  which  have  been  estal>- 
lished  from  the  very  beginning,  and  maintained  through  all  times  in  the  degrees  of 
complication  of  the  structure  of  animals. 


SECTION  IX. 

RANGE  OF  GEOGRAPHICAL  DISTRIBUTION  OF  ANIMALS. 

The  surface  of  the  earth  being  partly  formed  by  water  and  partly  by  land,  and 
the  organization  of  all  living  beings  standing  in  close  relation  to  the  one  or  the  other 
of  these  mediums,  it  is  in  the  nature  of  things,  that  no  single  species,  either  of  ani- 
mals or  plants,  should  be  uniformly  distributed  over  the  whole  globe.  Yet  there 
are  some  types  of  the  animal,  as  well  as  of  the  vegetable  kingdom,  which  arc  equably 
distributed  over  the  whole  surface  of  the  land,  and  others  which  are  as  widely  scat- 
tered in  the  sea,  while  others  are  limited  to  some  continent  or  some  ocean,  to  some 
particular  province,  to  some  lake,  nay,  to  some  very  limited  spot  of  the  earth's 
surface.' 

As  far  as  the  primary  divisions  of  animals  are  concerned,  and  the  nature  of  the 
medium  to  which  they  are  adapted  does  not  interfere,  representatives  of  the  four 
great  branches  of  the  animal  kingdom  arc  everywhere  found  together.  Kadiata, 
Mollusks,  Articulatu,  and  Vertebrata  occur  together  in  every  part  of  the  ocean,  in 
the  Arctics,  as  well  as  under  the  equator,  and  near  the  southern  pole  as  far  as  man 
has  penetrated;  every  bay,  every  inlet,  every  shoal  is  haunted  by  them.     So  univer- 


1  The  human  race  attiird*  an  example  of  the  wide 
distribution  of  a  terrestrial  type ;  the  Herring  and 
the  Mackerel  families  liave  an  equally  wide  distri- 
bution in  the  sea.  The  Mammalia  of  New  Hol- 
land show  how  some  families  may  Ik-  limited  to  one 
continent ;  the  family  of  Labyrinthici  of  the  Indian 


Ocean,  how  fishes  may  be  circumscribed  in  the  sea, 
and  that  of  the  GoniodonU  of  South  America  in 
the  fresh  water*.  The  Clinea  of  Lake  Baikal  U 
found  nowhere  else;  this  is  equally  true  of  the 
Blindflsh  (Amblyopias)  of  the  Mammoth  Cave,  and 
of  the  Proteus  of  the  caverns  of  Carinthio. 
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wil  is  this  association,  not  only  at  present  but  in  all  past  geological  ages,  that  I 
consider  it  as  a  sufficient  reason  to  expect,  that  fishes  will  be  found  in  those  few 
fossiliferous  beds  of  the  Silurian  System,  in  which  thus  far  they  have  not  yet  been 
found.1  Upon  land,  we  find  equally  everywhere  Vertebrata,  Articulata,  and  Mollusks, 
but  no  Radiata,  this  whole  branch  being  limited  to  the  waters;  but  as  far  as  terres- 
trial animals  extend,  we  find  representative?!  of  the  other  three  branches  associated, 
as  we  find  them  all  four  in  the  sea  Classes  have  already  a  more  limited  range  of 
distribution.  Among  Radiata,  the  Polypi,  Acalephs,  and  Echinoderms*  are  not  only 
nil  aquatic,  they  are  all  marine,  with  a  single  exception,*  the  genus  Hydra,  which 
inhabits  fresh  waters.  Among  Mollusks,4  the  Acephala  are  all  aquatic,  but  partly 
marine  and  partly  fluviatile,  the  Gasteropoda  partly  marine,  partly  fluviatile  and 
partly  terrestrial,  while  all  Cephalopoda  are  marine.  Among  Articulata,*  the  Worms 
are  partly  marine,  partly  fluviatile,  and  partly  terrestrial,  while  many  are  internal 


1  See,  above,  Sort.  7. 

'  For  the  geographical  distribution  of  Radiata, 
consult :  Dana,  (J.  IV)  Zoophytes.  United  State* 
Exploring  Expedition,  under  tho  command  of  Ch. 
Wiflm,  U.  a  Philadelphia,  1846,  1  vol.  4to. 
Atlas  foL  —  Milne-Edwards  et  IIaimk,  (.Ti  l..) 
Recherche*  mir  les  Polrpiers,  Ann.  Sc.  Nat,  3c  scr. 
vol.  9-1$,  Paris,  1848-52,  8vo.  —  Escuscholtz, 
(Fb.,)  System  der  Acalephen,  Berlin,  1829,  4to.  tig. 
—  Lesson,  (R.  Pa.,)  Histoirc  naturelle  des  Zoophy- 
tes, AcaUphcs,  Paris,  1843,  1  vol.  8vo.  fig.  —  KSut- 
keb,  (A.,)  Die  Scliwimmpolypcn  und  Siphonophoren 
von  Messina,  Lcipzie,  1853,  1  voL  fol.  fig.—  MI:l- 
lek,  (.l„)  und  Trosciiel,  (F.  H„)  System  der 
Asteriden,  Braunschweig,  1842,  8vo.  fig.  —  Aoassiz, 
(L.)  Catalogue  raisonne  des  families,  des  genres  et 
ile»  especes  de  la  Classe  des  Eehinodermes,  Ann.  des 
Sc.  Nat.  3e  scr.  vol.  6-8,  Paris,  1847,  8vo. 

*  I  need  hardly  say  in  this  connection  that  the 
so-called  fresh-water  Polyps,  Alcyonella,  Plumatella, 
etc.,  are  Bryozoa,  and  not  true  Polyps. 

4  For  the  geographical  distribution  of  Mollusks, 
consult:  Lamarck,  (J.  B.  dr.)  Histoirc  naturelle 
des  Animaux  sans  vertebras,  Paris,  1815-22,  7  vols. 
Hvci. ;  2de  cMit.  augmcntec  de  notes  par  MM. 
DesIIayes  and  Milke-Edwards,  Paris,  1835-43, 
10  vols.  8vo.  — Ferissac,  (J.  B.  L.  dk,)  Hisloire 
naturelle  des  Mollusqucs  terrestrcs  et  fiuviatiles. 
Paris,  1819  et  Mliv,  4to.  fig.  fol.,  continuec  par  Df.s- 


Hates. —  Ferissac,  (J.  B.  L  de,)  et  Sandkr- 
Rano,  (A.,)  Histoirc  naturelle  des  Aplysicns,  Paris, 
1828,  4to.  fig.  fol.—  Fercssac,  (J.  B.  I-  dk,)  et 
d'Orhkiny,  (A,)  Monographic  des  Ccphalopudeg 
cryptodibnmcl.es,  Paris,  1834-43,  fol.  — Martini, 
(F.  II.  W.,)  und  Chemnitz,  (J.  H.)  Neues  syste- 
matisches  Conehylien-Kabinet,  XUrnberg,  1769-95, 
11  vols.  4to.  fig.;  new  edit,  ami  continuation  by 
Scnt'RERT  and  A.  Wanner,  completed  by  II.  C. 
KTstek,  XUrnbcrg,  11  vols.  4lo.  fig.  —  Kienkr,  (L. 
C)  S|>ecies  general  et  Iconographie  des  Coquilles 
vivantcs,  Paris,  1834,  et  suiv,  8vo.  fig.  —  Reeve, 
(Lovell.)  Conchologia  Iconiea ;  a  Complete  Repertory 
of  Species  of  Shells,  Pictorial  and  Descriptive,  Lon- 
don, 1843,  and  foil.,  Ito.  fig.  —  Ppkiffer,  (I*,)  Mon- 
ographia  Heliceorum  viventium,  Leipzig,  1847-48, 
8vo. — Pfeifpek,  (L.,)  Monographia  Pnoumonopo- 
monim  viventium,  Cassel,  1852,  8vo.,  and  all  the 
special  works  on  Conchology. 

•  'Hie  mode  of  distribution  of  free  or  parasitic 
Worms  in  different  parts  of  the  world  and  in  differ- 
ent animals,  may  be  ascertained  from :  Grure,  (A. 
Ed..)  Die  Fuinilien  der  Anneliden,  Wiegman's  Ar- 
chiv,  18.10.  I  mention  this  paper  in  preference  to 
any  other  work,  as  it  is  the  only  complete  list  of  An- 
nuhita ;  and  though  the  localities  are  not  given,  the 
references  may  supply  the  deficiency. —  Rldolphi, 
(K.  A.,)  Entozoorum  sive  Vermium  intestinalium 
Historia  naturalis,  Ainstelodami,  1808-10,  3  vols. 
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parasites,  living  in  the  cavities  or  in  the  organs  of  other  animals;  the  Crustacea  are 
partly  marine  and  partly  fluviatile,  a  few  are  terrestrial;  the  Insects  are  mostly  ter- 
restrial or  rather  aerial,  yet  some  are  marine,  others  fluviatile,  and  a  large  number  of 
those,  which  in  their  perfect  state  live  in  the  air,  are  terrestrial  or  even  aquatic 
during  their  earlier  stages  of  growth.  Among  Vertebrata  1  the  Fishes  are  all  aquatic, 
but  partly  marine  and  partly  fluviatile;  the  Reptiles  are  either  aquatic,  or  amphibious 
or  terrestrial,  and  some  of  the  latter  are  aquatic  during  the  early  part  of  their  life; 
the  Birds  are  all  aerial,  but  some  more  terrestrial  and  others  more  aquatic;  finally, 
the  Mammalia  though  all  aerial  live  partly  in  the  sea,  partly  in  fresh  water,  but 
mostly  upon  hind.  A  more  special  review  might  show,  that  this  localization  in  con- 
nection with  the  elements  in  which  animals  live,  has  a  direct  reference  to  peculiari- 
ties of  structure  of  such  importance,  that  a  close  consideration  of  the  habitat  of  ani- 
mals within  the  limits  of  the  classes,  might  in  most  cases  lead  to  a  very  natural 
clarification.1     But  this  is  true  only  within  the  limits  of  the  classes,  and  even  here 


8vo.  fig.  —  Entozoorum  Synopsis  Berolini,  1819,  8vo. 
fig.  —  Gt'KLT,  (E.  F.,)  Vcrzeichniss  der  Thiere,  bei 
wulrlten  Entozoen  gefunden  worden  siml,  Wiegman's 
Archiv,  1845,  contiu.  by  Crcplin  in  the  following  No. 

—  Dljaruis,  (Fel.,)  llistoire  natureUe  dea  Hel- 
minthic ou  Vers  iutestinaux,  Park  1811,  1  vol.  8vo. 

—  Diesixo,  (C.  M.,)  Historin  Vermium,  Vindob.  1850, 

2  vok  8vo.  That  of  Crusbirca  from  Milxk-Ed- 
wauus,  HUtoire  naturcllc  d«s  Crustaces  Pari*,  1834, 

3  vol*.  8vo.  tig. — Daxa,  (J.  D.,)  Crustacea.  Uni- 
ted States  Exploring  Expedition,  under  the  command 
of  Ch.  Wilkes,  U.  S.  N,  vol.  xiv.,  Philadelphia,  1832, 
2  vols.  4to.,  atlas  foL  For  tho  geographical  distri- 
bution of  Insects  I  must  refer  to  the  general  works 
on  Entomology,  as  it  would  require  pages  to  enu- 
merate even  the  standard  works  relating  to  the  dif- 
ferent orders  of  this  class ;  but  they  are  mentioned 
in:  PeactlKROS,  (Ach.  R.,)  Dibliographie  cntomo- 
logique,  Paris,  1837,  2  vols.  8vo.  —  AuASSK,  (L.,) 
Ribliogruphia  Zoologia-  ct  Geologic ;  a  general  cata- 
logue of  all  books,  tracts,  and  memoirs  on  Zoology 
and  Geology,  corrected,  enlarged,  and  edited  by  II. 
E.Strickla.nd,  London,  1848-54,  4  vols.  8va  (Ray 
Society). 

*  For  tlio  geographical  distribution  of  Fishes 
consult:  Curat  (G..)  and  Vai.enciexnes,  (A.,) 
llistoire  natureUe  des  Poissons,  Paris  1828-1849,  it 


vols.  8vo.,  fig.  —  MPllkr,  (J.,)  und  IIenlk,  (J.,) 
Systematise!*  Beschreibung  der  Plagiostomen,  Ber- 
lin, 1841,  fol.  fig.  For  that  of  Reptiles:  DuMERIL, 
(A.  M.  C.,)  et  Bibron,  (G.,)  Erpetologie.  generale, 
ou  llistoire  natureUe  complete  des  Reptiles,  Paris 
1834-1855,  «J  vols.  8vo.  fig.  —  Tschidi,  (J.  J.,) 
Classification  der  Batrachier,  Neuchatel,  1838,  4to. 
Mem.  Soc.  Neuch.  2d.  vol.  —  Fitzinokk,  (L.  J.,) 
System*  Rcptilium.  Vindobonr,  1843,  8vo.  For  thnt 
of  Birds:  Gray,  (G.  R.,)  The  Genera  of  Birds,  illus- 
trated with  about  850  plates  by  D.  W.  Mitchell,  Lon- 
don, 1844-1849,  3  vols.  imp.  4to.  — Bonaparte, 
(C.  L.,)  Conspectus  generum  Avium,  Lugduni-Rntn- 
vorum,  1850,  and  seq.  8vo.  For  that  of  Mammalia: 
Wagner,  (A.,)  Die  geographische  Verbreitung  der 
Siiugthiere,  VerhandL  der  Akad.  der  Wissenscli. 
in  MUuchen,  Vol.  IV.  —  Pompi'KR,  (Herm.,)  Die 
Siiugthiere,  Vilgel  und  Amphibien,  nach  ihrer  geo- 
graphischen  Verbreitung  tabellarish  jusammenge- 
stellt,  Leipzig,  1811,  4to.  —  See,  also,  the  annual 
re|>orts  in  Wiegman's  Archiv,  now  edited  by  Tro- 
schell;  the  Catalogues  of  the  British  Museum,  of 
the  Jardin  des  Plantes,  etc. 

*  Agassiz,  ([...)  The  Natural  Relations  between 
Animals  and  the  Elements  in  which  they  live. 
Amer.  Jour,  of  Se.  and  Arts,  2d  eer.,  vol.  9,  1850, 
8vo.,  p.  369. 
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not  absolutely,  as  in  some  the  orders  only,  or  the  families  only  are  thus  closely 
related  to  the  elements;  there  are  even  natural  groups,  in  which  this  connection  is 
not  manifested  beyond  the  limits  of  the  genera,  and  a  few  cases  in  which  it  is  actually 
confined  to  the  species.  Yet,  in  every  degree  of  these  connections,  we  find  that  upon 
every  spot  of  the  globe,  it  extends  simultaneously  to  the  representatives  of  different 
classes  and  even  of  different  branches  of  the  animal  and  vegetable  kingdoms ;  a  circum- 
stance which  shows  that  when  called  into  existence,  in  such  an  association,  these  vari- 
ous animals  and  plants  were  respectively  adapted  with  all  the  peculiarities  of  their 
kingdom,  those  of  their  class,  those  of  their  order,  those  of  their  genus,  and  those  of 
their  species,  to  the  home  assigned  to  them,  and  therefore,  not  produced  by  the  nature 
of  the  place,  or  of  the  element,  or  any  other  physical  condition.  To  maintain  the 
contrary,  would  really  amount  to  asserting  that  wherever  a  variety  of  organized 
beings  live  together,  no  matter  how  great  their  diversity,  the  physical  agents  prevail- 
ing there,  must  have  in  their  combined  action,  the  power  of  producing  such  a 
diversity  of  structures  as  exists  in  animals,  notwithstanding  the  close  connection  in 
which  these  animals  stand  to  them,  or  to  work  out  an  intimate  relation  to  them- 
selves in  beings,  the  essential  characteristics  of  which,  have  no  reference  to  their 
nature.  In  other  words,  in  all  these  animals  and  plants,  there  is  one  side  of  their 
organization  which  lias  an  immediate  reference  to  the  elements  in  which  they  live, 
and  another  which  has  no  such  connection,  and  yet  it  is  precisely  this  part  of  the 
structure  of  animals  and  plants,  which  has  no  direct  bearing  upon  the  conditions  in 
which  they  are  placed  in  nature,  which  constitutes  their  essential,  their  typical 
character.  This  proves  beyond  the  possibility  of  an  objection,  that  the  elements  in 
which  animals  and  plants  live  (and  under  this  expression  I  mean  to  include  all  that 
is  commonly  called  physical  agents,  physical  causes,  eta,)  cannot  in  any  way  be  con- 
sidered as  the  cause  of  their  existence. 

If  the  naturalists  of  past  centuries  have  failed  to  improve  their  systems  of  Zoology 
by  introducing  considerations  derived  from  the  habitat  of  animals,  it  is  chiefly  because 
they  have  taken  this  habitat  as  the  foundation  of  their  primary  divisions;  but 
reduced  to  its  proper  limits,  the  study  of  the  connection  between  the  structure  and 
the  natural  home  of  animals  cannot  fail  to  lead  to  interesting  results,  among  which, 
the  growing  conviction  that  these  relations  arc  not  produced  by  physical  agents, 
but  determined  in  the  plan  ordained  from  the  beginning,  will  not  be  the  least 
important 

The  unequal  limitation  of  groups  of  a  different  value,  upon  the  surface  of  the 
earth,  produces  the  most  diversified  combinations  possible,  when  we  consider  the 
mode  of  association  of  different  families  of  animals  and  plants  in  different  parts  of 
the  world.  These  combinations  are  so  regulated  that  every  natural  province  has  a 
character  of  its  own,  as  far  as  its  animals  and  plants  are  concerned,  and  such  natural 
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associations  of  organized  beings  extending  over  a  wider  or  narrower  area  arc  called 
Faunas  when  the  animals  alone  are  considered,  and  Floras  when  the  plants  alone  are 
regarded.  Their  natural  limits  are  far  from  being  yet  ascertained  satisfactorily 
everywhere.  As  the  works  of  Schow  and  Schmarda  may  suffice  to  give  an  approxi- 
mate idea  of  their  extent,1  I  would  refer  to  them  for  further  details,  and  allude  here 
only  to  the  unequal  extent  of  these  different  fauna?,  and  to  the  necessity  of  limiting 
them  in  different  ways,  according  to  the  point  of  view  under  which  they  are  con- 
sidered, or  rather  show  that,  as  different  groups  have  a  wider  or  more  limited  range, 
in  investigating  their  associations,  or  the  fauna?,  we  must  distinguish  between  zoologi- 
cal realms,  zoological  provinces,  zoological  counties,  zoological  fields,  as  it  were;  that 
is,  between  zoological  areas  of  unequal  value  over  the  widest  of  which  range  the 
most  extensive  types,  while  in  their  smaller  and  smaller  divisions,  we  find  more  and 
more  limited  types,  sometimes  overlapping  one  another,  sometimes  placed  side  by 
side,  sometimes  concentric  to  one  another,  but  always  and  everywhere  impressing  a 
special  character  upon  some  part  of  a  wider  area,  which  is  thus  made  to  differ  from 
that  of  any  other  part  within  its  natural  limits. 

These  various  combinations  of  smaller  or  wider  areas,  equally  well  defined  in 
different  types,  has  {riven  rise  to  the  conflicting  views  prevailing  among  naturalists 
respecting  the  natural  limits  of  fauna? ;  but  with  the  progress  of  our  knowledge 
these  discrepancies  cannot  fad  to  disappear.  In  some  respect,  every  island  of  the 
Pacific  upon  which  distinct  animals  are  found,  may  be  considered  as  exhibiting  a 
distinct  fauna,  yet  several  groups  of  these  islands  have  a  common  character,  which 
unites  them  into  more  comprehensive  fauna?,  the  Sandwich  Islands  for  instance,  com- 
pared to  the  Fejees  or  to  New  Zealand.  What  is  true  of  disconnected  islands  or  of 
isolated  lakes  Is  equally  true  of  connected  parts  of  the  mainland  and  of  the  ocean. 

Since  it  is  well  known  that  many  animals  are  limited  to  a  very  narrow  range 
in  their  geographical  distribution,  it  would  be  a  highly  interesting  subject  of  inquiry 
to  ascertain  what  are  the  narrowest  limits  within  which  animals  of  different  types 
may  be  circumscribed,  as  this  would  furnish  the  first  basis  for  a  scientific  consid- 
eration of  the  conditions  under  which  animals  may  have  been  created.  The  time 
is  passed  when  the  mere  indication  of  the  continent  whence  an  animid  had  been 
obtained,  could  satisfy  our  curiosity ;  and  the  naturalists  who,  having  an  opportunity 
of  ascertaining  closely  the  particular  circumstances  under  which  the  animals  they 
describe  are  placed  in  their  natural  home,  are  guilty  of  a  gross  disregard  of  the 
interest  of  science  when  they  neglect  to  relate  them.  Our  knowledge  of  the  geo- 
graphical distribution  of  animals  would  be  far  more  extensive  and  precise  tlian  it 

1  I  would  also  refer  to  a  sketch  I  have  pub-  Types  of  Mankind,  Philadelphia,  1854,  4to.,  aeeotn- 
lished  of  the  Faun«  in  Xorr's  and  Gliddon's       panied  with  a  map  and  illustrations. 
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is  now,  but  for  this  neglect;  every  new  fact  relating  to  the  geographical  attribu- 
tion of  well-known  species  is  an  important  to  science  as  the  discovery  of  a  new 
species.  Could  we  only  know  the  range  of  a  single  animal  as  accurately  as 
Alphonse  DeCandolle  has  lately  determined  that  of  many  species  of  plants,  we 
might  begin  a  new  era  in  Zoology.  It  is  greatly  to  be  regretted  that  in  most 
works,  containing  the  scientific  results  of  explorations  of  distant  countries,  only  new 
species  are  described,  when  the  mere  enumeration  of  those  already  known  might  have 
added  invaluable  information  respecting  their  geographical  distribution.  The  careless- 
ness with  which  some  naturalists  distinguish  species  merely  because  they  are  found 
in  distant  regions,  without  even  attempting  to  secure  specimens  for  comparison,  is  a 
perpetual  source  of  erroneous  conclusions  in  the  study  of  the  geographical  distribu- 
tion of  organized  beings,  not  less  detrimental  to  the  progress  of  science  than  the 
readiness  of  others  to  consider  as  identical,  animals  and  plants  which  may  resemble 
each  other  closely,  without  paying  the  least  regard  to  their  distinct  origin,  and 
without  even  pointing  out  the  differences  they  may  perceive  between  specimens  from 
different  parts  of  the  world.  The  perfect  identity  of  animals  and  plants  living  in 
very  remote  parte  of  the  globe  has  so  often  been  ascertained,  and  it  is  also  so 
well  known  how  closely  species  may  be  allied  and  yet  differ  in  all  the  essential 
relations  which  characterize  species,  that  such  loose  investigations  are  no  longer 
justifiable. 

This  close  resemblance  of  animals  and  plants  in  distant  parts  of  the  world  is  the 
most  interesting  subject  of  investigation  with  reference  to  the  question  of  the  unity 
of  origin  of  animals,  and  to  that  of  the  influence  of  physical  agents  upon  organized 
beings  in  general  It  appears  to  me  that  as  the  facts  point  now  distinctly  to  an 
independent  origin  of  individuals  of  the  same  species  in  remote  regions,  or  of 
closely  allied  species  representing  one  another  in  distant  parts  of  the  world,  one 
of  the  strongest  arguments  in  favor  of  the  supposition  that  physical  agents  may  have 
had  a  controlling  influence  in  changing  the  character  of  the  organic  world,  is  gone 
for  ever. 

The  narrowest  limits  within  which  certain  Vertebrata  may  be  circumscribed,  is 
exemplified,  among  Mammalia,  by  some  large  and  remarkable  species:  the  Orang- 
outangs upon  the  Sunda  Islands,  the  Chimpanzee  and  the  Gorilla  along  the  west- 
ern coast  of  Africa,  several  distinct  species  of  Rhinoceros  about  the  Cape  of  Good 
Hope,  and  in  Java  and  Sumatra,  the  Pinchaque  and  the  common  Tapir  in  South 
America,  and  the  eastern  Tapir  in  Sumatra,  the  East  Indian  and  the  African  Ele- 
phant, the  Bactrian  Camel  and  the  Dromedary,  the  Llamas,  and  the  different  kinds 
of  wild  Bulls,  wild  Goats,  and  wild  Sheep,  etc. ;  among  birds  by  the  African  Ostrich, 
the  two  American  Rheas,  the  Casovary  (Dromiccjus)  of  New  Holland,  and  the  Emeu 
(Cosuarius  galeatus)  of  the  Indian  Archipelago,  and  still  more  by  the  different 
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species  of  doves  confined  to  particular  islands  in  the  Pacific  Ocean;  among  Reptiles, 
by  the  Proteus  of  the  cave  of  Adelsberg  in  Carinthia,  by  the  Gopher  (Testudo  Poly- 
phemus Auct)  of  our  Southern  States;  among  fishes,  by  the  Blind  Fish  (Ainblyopsis 
spelanis)  of  the  Mammoth  Cave.  Examples  of  closely  limited  Articulata  may  not  be 
so  striking,  yet  the  Blind  Crawfish  of  the  Mammoth  Cave  and  the  many  parasites 
found  only  upon  or  within  certain  species  of  animals,  are  very  remarkable  in  this 
respect  Among  Mollusks,  I  would  remark  the  many  species  of  land  shells,  ascer- 
tained by  Professor  Adams  to  occur  only  in  Jamaica,1  among  the  West  India  Islands, 
and  the  species  discovered  by  the  United  States  Exploring  Expedition  upon  isolated 
islands  of  the  Pacific,  and  described  by  Dr.  Gould.1  Even  among  Radiata  many 
species  might  be  quoted,  among  Echinoderms  as  well  as  among  Medusae  and  Polypi, 
which  arc  only  known  from  a  few  localities;  but  as  long  as  these  animals  are  not 
collected  with  the  special  view  of  ascertaining  their  geographical  range,  the  indica- 
tions of  travellers  must  be  received  with  great  caution,  and  any  generalization 
respecting  the  extent  of  their  natural  area  would  be  premature  as  long  as  the  coun- 
tries they  inhabit  have  not  been  more  extensively  explored.  It  is  nevertheless  true 
as  established  by  ample  evidence,  that  within  definite  limits  all  the  animals  occurring 
in  diflferent  natural  zoological  provinces  are  specifically  distinct  What  remains  to 
be  ascertained  more  minutely  is  the  precise  range  of  each  species,  as  well  as  the 
most  natural  limits  of  the  different  fauna;. 


SECTION  X. 

IDENTITY  OF  STKl'CTl'HE  OF  WIDELY  DISTRIBUTED  TYl'ES. 

It  is  not  only  when  considering  the  diversification  of  the  animal  kingdom  within 
limited  geographical  areas,  that  we  are  called  upon  in  our  investigations  to  admire 
the  unity  of  plan  its  most  diversified  types  may  exhibit ;  the  identity  of  structure  of 
these  type*  is  far  more  surprising,  when  we  trace  it  over  a  wide  range  of  country, 
and  within  entirely  disconnected  areas.  Why  the  animals  and  plants  of  North 
America  should  present  such  a  strong  resemblance  to  those  of  Europe  and  Northern 
Asia,  while  those  of  Australia  are  so  entirely  different  from  those  of  Africa  and  South 
America  under  the  same  latitudes,  is  certainly  a  problem  of  great  interest  in  connec- 


l  Ai>ams,  (C.  B.,)  Contributions  to  Comholof!?, 
New  York,  1849-50,  8vo.  A  series  of  pamphlets, 
full  of  original  information. 


«  Gort-D,  (A.  A.,)  MolWk*,  United  Stain  Ex- 
ploring Expedition,  under  the  command  of  Cn. 
Wilkm,  U.  S.  N,  1  vol  4to.  Philadelphia,  1854. 
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lion  with  the  study  of  the  influence  of  physical  agents  upon  the  character  of  animals 
and  plants  in  different  parts  of  the  world.  North  America  certainly  does  not  resem- 
ble Europe  and  Northern  Asia,  more  than  parts  of  Australia  resemble  certain  parts 
of  Africa  or  of  South  America,  and  even  if  a  greater  difference  should  be  conceded 
between  the  latter  than  between  the  former,  these  disparities  are  in  no  way  com- 
mensurate with  the  difference  or  similarity  of  their  organized  beings,  nor  in  any  way 
rationally  dependent  one  upon  the  other.  Why  should  the  identity  of  species  pre- 
vailing in  the  Arctics  not  extend  to  the  temperate  zone,  when  many  species  of  this 
zone,  though  different,  are  as  difficult  to  distinguish,  as  it  is  difficult  to  prove  the 
identity  of  certain  arctic  species,  in  the  different  continents  converging  to  the  north, 
and  when  besides,  those  of  the  two  zones  mingle  to  a  great  extent  at  their  boun- 
daries? Why  are  the  antarctic  species  not  identical  with  those  of  the  arctic  regions? 
And  why  should  a  further  increase  of  the  average  temperature  introduce  such  com- 
pletely new  types,  when  even  in  the  Arctics,  there  are  in  different  continents  such 
strikingly  peculiar  types  (the  Rhytina  for  instance,)  combined  with  those  that  are 
identical  over  the  whole  arctic  area?1 

It  may  at  first  sight  seem  very  natural  that  the  arctic  species  should  extend 
over  the  three  northern  continents  converging  towards  the  north  pole,  as  there  can 
be  no  insuperable  barrier  to  the  widest  dissemination  over  this  whole  area  for  ani- 
mals living  in  a  glacial  ocean  or  upon  parte  of  three  continents  which  are  almost 
bound  together  by  ice.  Yet  the  more  we  trace  this  identity  in  detail,  the  more 
suqirising  does  it  appear,  as  we  find  in  the  Arctics  as  well  as  everywhere  else,  repre- 
sentatives of  different  types  living  together.  The  arctic  Mammalia  belonging  chiefly 
to  the  families  of  Whales,  Seals,  Bears,  Weasels,  Foxes,  Ruminants  and  Rodents, 
have,  as  Mammalia,  the  same  general  structure  as  the  Mammalia  of  any  other  part 
of  the  globe,  and  so  have  the  arctic  Birds,  the  arctic  Fishes,  the  arctic  Articukta,  the 
arctic  Mollusks,  the  arctic  Radiata  when  compared  to  the  representatives  of  the  same 
types  all  over  our  globe.  This  identity  extends  to  every  degree  of  affinity  among 
these  animals  and  the  plants  which  accompany  them ;  their  orders,  their  families,  and 
their  genera  as  far  as  they  have  representatives  elsewhere,  bear  everywhere  the 
same  identical  ordinal,  family,  or  generic  characters;  the  arctic  foxes  have  the  same 


1  I  beg  not  to  bo  misunderstood.  I  do  not  im- 
pute to  all  naturalists  the  idea  of  ascribing  all  the 
difference*  or  all  the  similarities  of  the  organic 
world  to  climntic  influences;  I  wish  only  to  remind 
them  that  even  the  truest  picture  of  the  correla- 
tion* of  climate  and  geographical  distribution,  does 
not  yet  touch  the  question  of  origin,  which  is  the 


point  under  consideration.  Too  little  attention  has 
thus  far  been  paid  to  the  facts  bearing  u|>on  the 
peculiarities  of  structure  of  animals  in  connection 
with  the  range  of  their  distribution.  Such  investi- 
gations are  only  beginning  to  be  made,  as  native 
investigators  arc  studying  comparatively  the  anatomy 
of  animals  of  different  continent*. 
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dental  formula,  the  same  toes  and  claws,  in  fact,  every  generic  peculiarity  which 
characterizes  foxes,  whether  they  live  in  the  Arctics,  or  in  the  temperate  or  tropical 
zone,  in  America,  in  Europe,  in  Africa,  or  in  Asia  This  is  equally  true  of  the  seals 
or  the  whales;  the  same  details  of  structure  which  characterize  their  genera  in  the 
Arctics  reappear  in  the  Antarctica,  and  the  intervening  space,  as  far  as  their  natural 
distribution  goes.  This  is  equally  true  of  the  birds,  the  fishes,  etc,  etc  And  let  it 
not  be  supposed  that  it  is  only  a  general  resemblance.  By  no  means.  The  struc- 
tural identity  extends  to  the  most  minute  details  in  the  most  intimate  structure  of 
the  teeth,  of  the  hair,  of  the  scales,  in  the  furrows  of  the  brain,  in  the  ramification 
of  the  vessels,  in  the  folds  of  the  internal  surface  of  the  intestine,  in  the  complica- 
tion of  the  glands,  etc.,  etc.,  to  peculiarities,  indeed,  which  nobody  but  a  professional 
naturalist,  conversant  with  microscopic  anatomy,  would  ever  believe  could  present 
such  precise  and  permanent  characters.  So  complete,  indeed,  is  this  identity,  that 
were  any  of  these  beings  submitted  to  the  investigation  of  a  skilful  anatomist,  after 
having  been  mutilated  to  such  an  extent  that  none  of  its  specific  characters  could 
be  recognized,  yet  not  only  its  class,  or  its  order,  or  its  family,  but  even  its  genus, 
could  be  identified  as  precisely  as  if  it  were  perfectly  well  preserved  in  all  its  parts. 
Were  the  genera  few  which  have  a  wide  range  upon  the  earth  and  in  the  ocean, 
this  might  be  considered  as  an  extraordinary  case ;  but  there  is  no  class  of  animals 
and  plants  which  does  not  contain  many  genera,  more  or  less  cosmopolite  in  their 
geographical  distribution.  The  number  of  animals  which  have  a  wide  distribution  is 
even  so  great  that,  as  far  at  least  as  genera  are  concerned,  it  may  Curly  be  said, 
that  the  majority  of  them  have  an  extensive  geographical  range.  This  amounts  to 
the  most  complete  evidence  tliat,  as  far  as  any  of  these  genera  extends  in  its  geo- 
graphical distribution,  animals  the  structure  of  which  is  identical  within  this  range  of 
distribution,  are  entirely  beyond  the  influence  of  physical  agents,  unless  these  agents 
have  the  power,  notwithstanding  their  extreme  diversity,  within  these  very  same 
geograpliical  limits,  to  produce  absolutely  identical  structures  of  the  most  diversified 
types. 

It  must  be  remembered  here,  that  there  are  genera  of  Vertebrata,  of  Articulata, 
of  Mollusks,  and  of  Radiata,  which  occupy  the  same  identical  and  wide  geographical 
distribution,  and  that  while  the  structure  of  their  respective  representatives  is  identi- 
cal over  the  whole  area,  as  Vertebrata,  as  Articulata,  as  Mollusks,  as  Radiata,  they 
are  at  the  same  time  built  upon  the  most  different  plans.  I  hold  this  fact  to  be  in 
itself  a  complete  demonstration  of  the  entire  independence  of  physical  agents  of  the 
structure  of  animals,  and  I  may  add  that  the  vegetable  kingdom  presents  a  series  of 
lacts  identical  with  these.  This  proves  that  all  the  higher  relations  among  animals 
and  plants  are  determined  by  other  causes  than  mere  physical  influences. 
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While  all  the  representatives  of  the  same  genus  are  identical  in  structure,1  the 
different  species  of  one  genus  differ  only  in  their  size,  in  the  proportions  of  their 
parts,  in  their  ornamentation,  in  their  relations  to  the  surrounding  elements,  etc. 
The  geographical  range  of  these  species  varies  so  greatly,  that  it  cannot  afford  in 
itself  a  criterion  for  the  distinction  of  species.  It  appears  further,  that  while  some 
species  which  are  scattered  over  very  extensive  areas,  occupy  disconnected  parts  of 
that  area,  other  species  closely  allied  to  one  another  and  which  are  generally  desig- 
nated under  the  name  of  representative  species,  occupy  respectively  such  disconnected 
sections  of  these  areas.  The  question  then  arises,  how  these  natural  boundaries 
assigned  to  every  species  arc  established.  It  is  now  generally  believed  that  each 
species  had,  in  the  beginning,  some  starting  point,  from  which  it  has  spread  over 
the  whole  range  of  the  area  it  now  occupies,  and  that  this  starting  point  is  still 
indicated  by  the  prevalence  or  concentration  of  such  species  in  some  particular  part 
of  its  natural  area,  which,  on  that  account,  is  called  its  centre  of  distribution  or 
centre  of  creation,  while  at  its  external  limits  the  representatives  of  such  species  thin 
out,  as  it  were,  occurring  more  sparsely  and  sometimes  in  a  reduced  condition. 

It  was  a  great  progress  in  our  science,  when  the  more  extensive  and  precise 
knowledge  of  the  geographical  distribution  of  organized  beings  forced  upon  its 
cultivators  the  conviction,  that  neither  animals  nor  plants  could  have  originated  upon 
one  and  the  same  spot  upon  the  surface  of  the  earth,  and  hence  have  spread  more 
and  more  widely  until  the  whole  globe  became  inhabited  It  was  really  an  immense 
progress  which  freed  science  from  the  fetters  of  an  old  prejudice;  for  now  we  have 
the  facts  of  the  case  before  us,  it  Is  really  .difficult  to  conceive  how,  by  assuming 
such  a  gradual  dissemination  from  one  spot,  the  diversity  which  exists  in  every  part 
of  the  globe  could  ever  have  seemed  to  be  explained.  But  even  to  grant  distinct 
centres  of  distribution  for  each  species  within  their  natural  boundaries,  is  only  to 
meet  the  facts  half  way,  as  there  are  innumerable  relations  between  the  animals  and 
plants  which  we  find  associated  everywhere,  which  mast  be  considered  as  primitive, 
and  cannot  be  the  result  of  successive  adaptation.  And  if  this  be  so,  it  would 
follow  that  all  animals  and  plants  have  occupied,  from  the  beginning,  those  natural 
Iwundaries  within  which  they  stand  to  one  another  in  such  harmonious  relations.2 
Pines  have  originated  in  forests,  heaths  in  heathers,  grasses  in  prairies,  bees  in  luves, 
herrings  in  schools,  buffaloes  in  herds,  men  in  nations!*  I  see  a  striking  proof  that 
tins  must  have  been  the  case  in  the  circumstance,  that  representative  species,  which, 


1  Sec  hereafter,  Chap.  II.  Sect.  5.  1  AOAMU,  (L.,)  The  Diversity  of  Origin  of  the 

*  AtiAKislz,  (L.,)   Geographical  Distribution  of  Human    )!:,•••  -.  Christian  Examiner,  Boston,  1K.X», 

Animals  Christian   Examiner,  Boston,  \HM.  8vo.  8ro.  (February.) 

(March). 
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as  distinct  species,  must  have  bad  from  the  beginning  a  different  and  distinct 
geographical  range,  frequently  occupy  sections  of  areas  which  are  simultaneously 
inhabited  by  the  representatives  of  other  species,  which  are  perfectly  identical  over 
the  whole  area.  By  way  of  an  example,  I  would  mention  the  European  and  the 
American  Widgeon,  (Autu  'jMmwu'  Penelope  and  A.  atnericaiut,)  or  the  American  and  the 
European  Red-headed  Ducks,  (A.  ferina  and  A.  erythrocephala,)  which  inhabit  respectively 
the  northern  parts  of  the  Old  and  New  World  in  summer,  and  migrate  further  south 
in  these  same  continents  during  winter,  while  the  Mallard  (A  Dwicluts)  and  the  Scaup 
Duck  (A.  marila)  are  as  common  in  North  America  as  in  EurojMJ.  What  do  these 
facts  tell:  That  all  these  birds  originated  together  somewhere,  where  they  no  longer 
occur,  to  establisb  themselves  in  the  end  within  the  limits  they  now  occupy?  —  or 
that  they  originated  either  in  Europe  or  America,  where,  it  is  true,  they  do  not  live 
all  together,  but  at  least  a  part  of  them  ?  —  or  that  they  really  originated  within  the 
natural  boundaries  they  occupy?  I  suppose  with  sensible  readers  I  need  only  argue 
the  conclusions  flowing  from  the  last  supposition.  If  so,  the  American  Widgeon  and 
the  American  Red-headed  Duck  originated  in  America,  and  the  European  Widgeon 
and  the  European  Red-headed  Duck  in  Europe.  But  what  of  the  Mallard  and  the 
Scaup,  which  arc  equally  common  upon  the  two  continents;  did  they  first  appear  in 
Europe,  or  in  America,  or  simultaneously  upon  the  two  continents  ?  Without  entering 
into  further  details,  as  I  have  only  desired  to  lay  clearly  a  distinct  case  before  my 
readers,  from  which  the  character  of  the  argument,  which  applies  to  the  whole  animal 
kingdom,  may  be  fully  understood,  1  say  that  the  facts  lead,  step  by  step,  to  the 
inference,  that  such  birds  as  the  Mallard  and  the  Scaup  originated  simultaneously  and 
separately  in  Europe  and  in  America,  and  that  all  animals  originated  in  vast  num- 
bers, indeed,  in  the  average  number  characteristic  of  their  species,  over  the  whole  of 
their  geographical  area,  whether  its  surface  be  continuous  or  disconnected  by  sea, 
lakes,  or  rivers,  or  by  differences  of  level  above  the  sea,  etc.  The  details  of  the 
geographical  distribution  of  animals  exhibit,  indeed,  too  much  discrimination  to  admit 
for  a  moment  that  it  could  be  the  result  of  accident,  that  is,  the  result  of  the 
accidental  migrations  of  the  animals  or  of  the  accidental  dispersion  of  the  seeds  of 
plants.  The  greater  the  uniformity  of  structure  of  these  widely  distributed  organized 
beings,  the  less  probable  does  their  accidental  distribution  appear.  I  confess  that 
nothing  has  ever  surprised  me  so  much  as  to  see  the  perfect  identity  of  the  most 
delicate  microscopic  structures  of  animals  and  plants,  from  the  remotest  parte  of  the 
world.  It  was  this  striking  identity  of  structure  in  the  same  types,  this  total  inde- 
pendence of  the  essential  characteristics  of  animals  and  plants,  of  their  distribution 
under  the  most  extreme  climatic  differences  known  upon  our  glolie,  which  led  me  to 
distrust  the  belief,  then  almost  universal,  that  organized  beings  are  influenced  by 
physical  causes  to  a  degree  which  may  essentially  modify  their  character. 
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SECTION  XI. 

COMMUNITY  OF  STRUCTURE  AMONG  ANIMALS  LIVING  IN  THE  SAME  REGIONS. 

Tlic  most  interesting  result  of  the  earliest  investigations  of  the  fauna  of  Australia 
was  the  discovery  of  a  type  of  animals,  the  Marsupialia,  prevailing  upon  this  conti- 
nental island,  which  are  unknown  in  almost  every  other  part  of  the  world.  Every 
student  of  Natural  History  knows  now  that  there  are  no  Quadrvmam  in  New  Holland, 
neither  Monkeys,  nor  Makis :  no  Insectieora,  neither  Shrews,  nor  Moles,  nor  Hedgehogs ; 
no  true  Canihvra,1  neither  Bears,  nor  Weasels,  nor  Foxes,  nor  Viverras,  nor  Hyenas, 
nor  Wild  Cats ;  no  Edentata,  neither  Sloths,  nor  Tatous,  nor  Ant-eaters,  nor  Pangolins ; 
no  Pachyderms,  neither  Elephants,  nor  Hippopotamuses,  nor  Hogs,  nor  Rhinoceroses, 
nor  Tapirs,  nor  Wild  Horses;  no  liuiniiutntia,  neither  Camels,  nor  Llamas,  nor  Deers, 
nor  Goats,  nor  Sheep,  nor  Bulls,  etc.,  and  yet  the  Mammalia  of  Australia  are 
almost  as  diversified  as  those  of  any  other  continent.  In  the  words  of  Waterhouse,1 
who  has  studied  them  with  particular  care,  "the  Marsupialia  present  a  remarkable 
diversity  of  structure,  containing  herbivorous,  carnivorous,  and  insectiverous  species; 
indeed,  we  find  amongst  the  marsupial  animals  analogous  representations  of  most  of 
the  other  orders  of  Mammalia.  The  Quadrumana  arc  represented  by  the  Phelangers, 
the  Cartrirora  by  the  Dasyuri,  the  Iiiscctiivra  by  the  small  Phascogales,  the  Ruminantia 
by  the  Kangaroos,  and  the  Edenttrta  by  the  Monotremcs.  The  Cheiroptera  are  not 
represented  by  any  known  marsupial  animals,  and  the  Rodents  are  represented  by  a 
single  species  only;  the  hiatus  is  filled  up,  however,  in  both  cases,  by  placental 
species,  for  Bats  and  Rodents  are  tolerably  numerous  in  Australia,  and,  if  we  except 
the  Dog,  which  it  is  probable  has  been  introduced  by  man,  these  are  the  only  pla- 
cental Mammalia  found  in  that  continent"  Nevertheless,  all  these  animals  have  in 
common  some  most  striking  anatomical  characters,  which  distinguish  them  from  all 
other  Mammalia,  and  stamp  them  as  one  of  the  most  natural  groups  of  that  class; 
their  mode  of  reproduction,  and  the  connection  of  the  young  with  the  mother,  arc 
different ;  so,  also,  is  the  structure  of  their  brain,  eta* 

Now,  the  suggestion  that  such  peculiarities  could  be  produced  by  physical  agents 
is  for  ever  set  aside  by  the  fact  that  neither  the  birds  nor  the  reptiles,  nor,  indeed, 
any  other  animals  of  New  Holland,  depart  in  such  a  manner  from  the  ordinary  char- 


1  DoubU  are  entertained  respecting  the  origin  of 
the  Dingo,  the  only  beast  of  prey  of  New  Holland. 

a  Wateiuioise,  (G.  A.,)  Natural  History  of  the 
Mammalia,  London,  1848,  2  vols.  8vo.,  vol.  L,  p.  4. 

0 


•  See  OwF.ff,  (R.,)  Marsupialia  in  Todd's  Cyclo- 
pedia of  Anat.  and  Physiol.,  London,  1841,  8vo-,  and 
several  elaborate  papers  by  himself  and  others, 
quoted  there. 
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acter  of  their  representatives  in  other  parts  of  the  world;  unless  it  could  be  shown 
that  such  agents  have  the  power  of  dL«riniination,  and  may  produce,  under  the  same 
conditions,  beings  which  agree  and  others  which  do  not  agree  with  those  of  different 
continents ;  not  to  speak  again  of  the  simultaneous  occurrence  in  that  same  continent 
of  other  heterogeneous  types  of  Mammalia,  Bats  and  Rodents,  which  occur  there 
as  well  as  everywhere  else  in  other  continents.  Nor  is  New  Holland  the  only  part 
of  the  world  which  nourishes  animals  highly  diversified  among  themselves,  and  yet 
presenting  common  characters  strikingly  different  from  those  of  the  other  members 
of  their  type,  circumscribed  within  definite  geographical  areas.  Almost  every  part 
of  the  globe  exhibits  some  such  group  either  of  animals  or  of  plants,  and  every 
class  of  organized  beings  contains  some  native  natural  group,  more  or  less  extensive, 
more  or  less  prominent,  which  is  circumscribed  within  peculiar  geogniphical  limits. 
Among  Mammalia  we  might  quote  further  the  Quadrumana,  the  representatives  of 
which,  though  greatly  diversified  in  the  Old  as  well  as  in  the  New  World,  differ  and 
agree  respectively  in  many  important  points  of  their  structure;  also  the  Edentata  of 
South  America. 

Among  birds,  the  Humming  Birds,  which  constitute  a  very  natural,  beautiful, 
and  numerous  family,  all  of  which  are  nevertheless  confined  to  America  only,  as  the 
Pheasants  are  to  the  Old  World.1  Among  Reptiles,  the  Crocodiles  of  the  Old  World 
compared  to  those  of  America.  Among  fishes,  the  family  of  Labyrinthici,  which  is 
confined  to  the  Indian  and  Pacific  Oceans,  that  of  Goniodonts,  which  is  limited  to  the 
fresh  waters  of  South  America,  as  that  of  Cestraciontcs  to  the  Pacific.  The  compar- 
ative anatomy  of  Insects  is  not  sufficiently  far  advanced  to  furnish  striking  examples 
of  this  kind;  among  Insects,  however,  remarkable  for  their  form,  which  are  limited 
to  particular  regions,  may  be  quoted  the  genus  Mormolyce  of  Java,  the  Pneumora 
of  the  Cape  of  Good  Hope,  the  Belostoma  of  North  America,  the  Fulgora  of  China, 
etc.  The  geographical  distribution  of  Crustacea  has  been  treated  in  such  a  masterly 
manner  by  Dana,  in  his  great  work  upon  the  Crustacea  of  the  United  States  Explor- 
ing Expedition,  Vol.  XIII.,  p.  1451,  that  I  can  only  refer  to  it  for  numerous  examples 
of  localized  types  of  this  class,  and  also  as  a  model  how  to  deal  with  such  subjects. 
Among  Worms,  the  Peripates  of  Guiana  deserves  to  be  mentioned.  Among  Cepha- 
lopoda, the  Nautilus  in  Amboyna  Among  Gastcropods,  the  genus  Io  in  the  western 
waters  of  the  United  States.  Among  Accphala,  the  Trigonia  in  New  Holland,  certain 
Naiades  in  the  United  States,  the  Aetheria  in  the  Nile.  Among  Echinoderms,  the 
Pentacrinus  in  the  West  Indies,  the  Culcita  in  Zanzibar,  the  Amblypneustes  in  the 
Pacific,  the  Temnopleurus  in  the  Indian  Ocean,  the  Dendraster  on  the  western  coast 

1  What  are  called  Phea*unt4  in  America  Jo  not  anU.  The  American,  so-called,  Pheasant*  are  gen- 
even  belong  to  the  same  family  as  the  eastern  Pheas-       uine  Groups. 
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of  North  America.  Among  Acalephs,  the  Berenice  of  New  Holland  Among  Polypi, 
the  true  Fungidaj  in  the  Indian  and  Pacific  Oceans,  the  Kenilla  in  the  Atlantic,  etc. 

Many  more  examples  might  be  quoted,  were  our  knowledge  of  the  geographical 
distribution  of  the  lower  animals  more  precise.  But  these  will  suffice  to  show  that 
whether  high  or  low,  aquatic  or  terrestrial,  there  are  types  of  animals  remarkable  for 
their  peculiar  structure  which  are  circumscribed  within  definite  limits,  and  this  locali- 
zation of  special  structures  is  a  striking  confirmation  of  the  view  expressed  already 
in  another  connection,  that  the  organization  of  animals,  whatever  it  is,  may  be 
adapted  to  various  and  identical  conditions  of  existence,  and  can  in  no  way  be  con- 
sidered as  originating  from  these  conditions. 


SECTION  XII. 

SERIAL  CONNECTION  IN  THE  STRUCTURE  OF  AMIMALS  WIDELY  SCATTERED  CPON  THE 

SURFACE  OF  OUR  GLOBE. 

Ever  since  I  have  become  acquainted  with  the  reptiles  inhabiting  different  parts 
of  the  world,  I  have  been  struck  with  a  remarkable  fact,  not  yet  noticed  by  natu- 
ralists as  far  as  I  know,  and  of  which  no  other  class  exhibits  such  striking  examples. 
This  fact  is  that  among  Saurians,  as  well  as  among  Betrachians,  there  are  families,  the 
representatives  of  which,  though  scattered  all  over  the  globe,  form  the  most  natural 
connected  series,  in  which  every  link  represents  one  particular  degree  of  development 
The  Seincoids,1  among  Saurians,  are  one  of  these  families.  It  contains  about  one 
bundred  species,  referred  by  Dume'ril  and  Bibron  to  thirty-one  genera,  which,  in  the 
development  of  their  organs  of  locomotion,  exhibit  most  remarkable  combinations, 
illustrated  in  a  diagram,  on  the  following  page. 

Fully  to  appreciate  the  meaning  of  this  diagram,  it  ought  to  be  remembered, 
that  the  animals  belonging  to  this  family  arc  considered  here  in  two  different  points 
of  view.  In  the  first  place,  their  zoological  relations  to  one  another  are  expressed 
by  the  various  combinations  of  the  structure  of  their  legs ;  some  having  four  legs, 
and  these  are  the  most  numerous,  others  only  two  legs,  which  are  always  the  hind 
legs,  and  others  still  no  legs  at  all  Again  these  legs  may  have  only  one  toe,  or 
two,  three,  four,  or  five  toes,  and  the  number  of  toes  may  vary  between  the  fore 
and  hind  legs.    The  classification  adopted  here  is  based  upon  these  characters.  In 

1  For  the  characters  of  the  family,  mv  Di  meiiii.  Sec  also  Cocteau,  Eludes  mr  les  ScincoidM,  Paris, 
et  Bibhos,  Erpctologic  gewnde,  vol.  5,  p.  511.       1836,  4lo.  fig. 
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the  second  place,  the  geographical  distribution  is  noticed.  But  it  is  at  once  apparent 
that  the  home  of  these  animals  stands  in  no  relation  whatsoever  to  their  zoological 
arrangement  On  the  contrary,  the  most  remote  genera  may  occur  in  the  same 
country,  while  the  most  closely  related  may  live  far  apart 


With  _/Cre  toes  to  the  fore  feet,  as 
well  as  to  the  hind  feet: 


Tropidophortu,  1  species,  Cochin-China. 
Scinciu,  1  up.,  Syria,  North  and  Went  Africa. 
Sphenopi,  1  »p.,  Egypt. 

Diploylouut,  6  Hp.,  Went  Indies  and  Brazils. 
Amphijflotsiu,  1  sp.,  Madagascar. 
Gongylui,  with  7  sub-genera: 

Gongylue,  2  sp.,  Southern  Europe,  Egypt,  TencrifTe,  Isle  de  France. 
Eumeces,  11  sp.,  East  and  West  Indies,  South  America,  Vanikoro, 

New  Ireland,  New  Guinea,  Pacific  Islands. 
Euprepet,  13  sp.,  West  coast  of  Africa,  Cape  of  Good  Hope,  Egypt, 
Abyssinia,  Seychelles,  Madagascar,  New  Guinea,  East  Indies, 
Sunda  Islands,  Manilla. 
Plutiadon,  5  sp.,  Egypt,  Algiers,  China,  Japan,  United  States. 
Lygntonm,  19  sp.,  New  Holland,  New  Zealand,  Java,  New  Guinea, 

Timor,  East  Indies,  Pacific  Islands,  United  State* 
Lriolopitma,  1  sp.,  Mauritius  and  Manilla. 
Tropidolopitma,  1  sp.,  New  Holland. 
Cyclodut,  8  spM  New  Holland  and  Java. 
Trachy$aunu,  1  sp^  New  Holland. 

Ablepharut,  4  sp..  Southeastern  Europe,  New  Holland,  Pacific  Islands. 
With  fire  toes  to  the  fore  feet  and  four  toes  to  the  hind  feet:  Camptodartylut,  1  sp.,  Bengal. 
With  four  toes  to  the  fore  feet  and  f  Heteroput,  3  sp.,  Africa,  New  Holland,  Isle  de  France. 

Jilt  toes  to  Uie  hind  feet:       \  Gymnophthalmus,  1  sp.,  W.  Indie*  and  Brazil. 
With  four  toes  to  the  fore  feet  and  f  Tetradaetyhu,  1  sp.,  New  Holland.    The  genus  Chalcides  of  the  allied 

four  toes  to  the  hind  feet:       {  family  Chalcidioids,  exhibits  another  example  of  this  combination. 
With  four  toes  to  the  fore  feet  and  three  toes  to  the  hind  feet:   No  examples  known  of  tliis  combination. 
With  three  toes  to  the  fore  feet  and  four  toes  to  the  hind  feet:  Not  known. 

{  Hemiergit,  1  sp.,  New  Holland. 
<  Sep$,  1  sp.,  S.  Europe  and  N.  Africa. 
(  fTetria,  1  sp.,  Origin  unknown. 
With  three  toeg  to  the  fore  feet  and  two  toes  to  the  hind  feet:  Not  known. 
With  two  toes  to  the  fore  feet  and  f  /leteromelet,  1  sp.,  Algiers. 

three  toes  to  the  hind  feet :     \  Leritta,  1  sp.,  New  Holland. 
With  two  toes  to  the  fore  feet  and  tieo  toes  to  the  hind  feet:    Chehmelet,  1  sp.,  New  Holland. 
With  two  toes  to  the  fore  feel  and  one  toe  to  the  hind  feet:  lirarhymelet,  1  sp.,  Philippine 
With  one  toe  to  the  fore  feet  and  <«re>  toes  to  the  hind  feet:  Braehyttoput,  1  sp..  South  Africa. 
With  one  toe  to  the  fore  feet  and  one  toe  to  the  hind  feet :  Ecetia,  1  sp.,  Origin 


With  three  toes  to  the  fore  feet  and 
three  toes  to  the  hind  feet: 
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GENERA    WITH    O.NLY   TWO  LEGS. 

No  representatives  arc  known  tnlA  fore  leys  only ;  but  this  structural  combination  occurs  in  the  allied 
family  of  the  Chalcidioids.    The  representatives  with  hind  legs  only,  present  the  following  combinations :  — 

With  tiro  toes:  Sceloles,  1  sp.,  Cape  Good  Hope. 

With  one  toe:    Proptditus,  1  sp.,  Capu  Good  Hope  and  New  Holland. 
Ophiodes,  1  sp.,  South  America. 
J/ysferopus,  1  sp.,  New  Holland. 
Lialis,  1  sp.,  New  Holland. 
Dibamus,  1  sp.,  New  Guinea. 

GENERA    WITHOUT   ANY  LKflS. 

Anguis,  1  sp.,  Europe,  Western  Asia,  Northern  Africa. 
Ophiomorus,  1  sp.,  Morea,  Southern  Russia,  and  Algiers. 
Acontias,  1  sp.,  Southern  Africa,  Cape  Good  Hope. 
Typhtina,  1  sp.,  Southern  Africa,  Cape  Good  Hope. 

Who  can  look  at  this  diagram,  and  not  recognize  in  its  arrangement  the  combi- 
nations of  thought?  This  is  so  obvious,  that  while  considering  it  one  might  almost 
overlook  the  fiict,  that  while  it  was  drawn  up  to  classify  animals  preserved  in  the 
Museum  of  the  Jardin  des  Plantes  in  Paris,  it  is  in  reality  inscribed  in  Nature  by 
these  animals  themselves,  and  is  only  read  ofT  when  they  are  brought  together,  and 
compared  side  by  side.  But  it  contains  an  important  element  for  our  discussion : 
the  series  is  not  built  up  of  equivalent  representatives  in  its  different  terms,  some 
combinations  being  richly  endowed,  others  numbering  a  few,  or  even  a  single  genus, 
and  Btill  others  being  altogether  disregarded;  such  freedom  indicates  selection,  and 
not  the  working  of  the  law  of  necessity. 

And  if  from  a  contemplation  of  this  remarkable  series  we  turn  our  attention  to 
the  indications  relating  to  the  geographical  distribution  of  these  so  closely  linked 
genera,  inscribed  after  their  names,  we  perceive  at  once,  that  they  are  scattered  nil 
over  the  globe,  but  not  so  that  there  could  be  any  connection  between  the  combina- 
tions of  their  structural  characters  and  their  homes.  The  types  without  legs  are 
found  in  Europe,  in  Western  Asia,  in  Northern  Africa,  and  at  the  Cape  of  Good 
Hope ;  the  types  with  hind  legs  only,  and  with  one  single  toe,  at  the  Cape  of 
Good  Hope,  in  South  America,  New  Holland,  and  New  Guinea;  those  with  two  toes 
at  the  Cape  of  Good  Hope  only.  Among  the  types  with  four  legs  the  origin  of  those 
with  but  one  toe  to  each  foot  is  unknown,  those  with  one  toe  in  the  fore  foot  and 
two  in  the  hind  foot  are  from  South  Africa,  those  with  two  toes  in  the  fore  foot  and 
one  in  the  hind  foot  occur  in  the  Philippine  Islands,  those  with  two  toes  to  all  four 
feet  in  New  Holland,  those  with  three  toes  to  the  hind  feet  and  two  to  the  fore  feet 
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in  Algiers  and  New  Holland;  none  arc  known  with  three  toes  to  the  fore  feet  tind 
two  to  the  hind  feet.  Those  with  three  toes  to  the  four  feet  inhabit  Europe,  North- 
ern Africa,  and  New  Holland.  There  are  none  with  three  and  four  toes,  either  in 
the  fore  feet  or  in  the  hind  feet  Those  with  four  toes  to  the  four  feet  live  in 
New  Holland;  those  with  five  toes  to  the  fore  feet  and  four  to  the  hind  feet,  in 
Bengal,  and  with  four  toes  in  the  fore  feet  and  five  in  the  hind  feet,  in  Africa, 
the  West  Indies,  the  Brazils,  and  New  Holland.  Those  with  five  toes  to  all  four 
feet  have  the  widest  distribution,  and  yet  they  are  so  scattered  that  no  single  zoolog- 
ical province  presents  any  thing  like  a  complete  series;  on  the  contrary,  the  mixture 
of  some  of  the  representatives  with  perfect  feet  with  others  which  have  them  rudi- 
mentary, in  almost  every  fauna,  excludes  still  more  decidedly  the  idea  of  an  influence 
of  physical  agents  upon  this  development 

Another  similar  series,  not  less  striking,  may  be  traced  among  the  Batrachians, 
for  the  characters  of  which  I  may  refer  to  the  works  of  Holbrook,  Tschudi,  and 
Baird,1  even  though  they  have  not  presented  them  in  this  connection,  as  the  charac- 
teristics of  the  genera  will  of  themselves  suggest  their  order,  and  further  details  upon 
this  subject  would  be  superfluous  for  my  purpose,  the  more  so,  as  I  have  already 
discussed  the  gradation  of  these  animals  elsewhere.* 

Similar  series,  tbough  less  conspicuous  and  more  limited,  may  be  traced  in  every 
class  of  the  animal  kingdom,  not  only  among  the  living  types,  but  also  among  the 
representatives  of  past  geological  ages,  which  adds  to  the  interest  of  such  series  in 
showing,  that  the  combinations  include  not  only  the  element  of  space,  indicating 
omnipresence,  but  also  that  of  time,  which  involves  prescience.  The  series  of  Crinoids, 
that  of  Brachiopods  through  all  geological  ages,  that  of  the  Nautiloids,  that  of 
Animonitoids  from  the  Trios  to  the  Cretaceous  formation  inclusive,  that  of  Trilobites 
from  the  lowest  beds  up  to  the  Carboniferous  period,  that  of  Ganoids  through  all 
formations ;  then  again  among  living  animals  in  the  class  of  Mammalia,  the  series  of 
Monkeys  in  the  Old  World  especially,  that  of  Carnivora  from  the  Seals,  through  the 
Plantigrades,  to  the  Digitigradcs ;  in  the  class  of  Birds,  that  of  the  Wading  Birds, 
and  that  of  the  Gallinaceous  Birds ;  in  the  class  of  Fishes,  that  of  Pleuronectidae  and 
Gadoids,  that  of  Skates  and  Sharks ;  in  the  class  of  Insects,  that  of  Lepidoptera  from 
the  Tincina  to  the  Papilionina;  in  the  class  of  Crustacea,  that  of  the  Decapods  in 
particular;  in  the  class  of  Worms,  that  of  the  Nudibranchiata  or  that  of  the  Dorsibran- 


1  Holbkook,  (J.  T~,)  North  American  Her- 

petology,   Philadelphia,   1842,    4to. ;    5th  vol  

Tschudi,  (J.  J.)  Cla*.sitiration  der  Botrachicr, 
Neuchfttel,  1838,  4to.— Baikd,  (Sp.  F.)  BcvWon 
of  the  North  American  Tuik-d  Balroehia,  Journal 


Acad.  Nat  Science,  of  Philadelphia,  2d  scries, 
vol.  I..  1849,  4to. 

'  Acassiz,  (L.,)  Twelve  Lecture*  on  Compara- 
tive Embryology,  Boston,  1840,  8vo. ;  p.  8. 
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chiata  especially ;  in  the  class  of  Cephalopoda,  that  of  the  Sepioids ;  in  the  class  of 
Gasteropoda,  that  of  the  Nudibranchiata  in  particular;  in  the  class  of  Acephala,  that 
of  the  Ascidians  and  that  of  the  Oysters  in  the  widest  sense ;  in  the  class  of  Echino- 
denns,  those  of  Holothuria?  and  Asterioids;  in  the  class  of  Acalephs,  that  of  the 
Hydroids ;  in  the  class  of  Polyps,  that  of  the  Halcyonoids,  of  the  Atrasoids,  etc.,  etc, 
deserve  particular  attention,  and  may  be  studied  with  great  advantage  in  reference 
to  the  points  under  consideration.  For  everywhere  do  we  observe  in  them,  with 
reference  to  space  and  to  time,  the  thoughtful  combinations  of  an  active  mind. 
But  it  ought  not  to  be  overlooked,  that  while  some  types  represent  strikingly  con- 
nected series,  there  are  others  in  which  nothing  of  the  kind  seems  to  exist,  and  the 
diversity  of  which  involves  other  coa«iderations. 


SECTION  XIII. 

RELATION  BETWEEN  TUE  SIZE  OF  ANIMALS,  AND  Til  K.IK  STRUCTURE. 

The  relation  between  the  size  and  structure  of  animals  has  been  very  little 
investigated,  though  even  the  most  superficial  survey  of  the  animal  kingdom  may 
satisfy  any  one,  that  there  is  a  decided  relation  between  size  and  structure  among 
theuL  Not  that  I  mean  to  assert  that  size  and  structure  form  parallel  series,  or 
that  all  animals  of  one  branch,  or  even  those  of  the  same  class  or  the  same  order, 
agree  very  closely  with  one  another  in  reference  to  size.  This  element  of  their 
organization  is  not  defined  within  those  limits,  though  the  Vertebrata,  as  a  whole, 
are  larger  than  either  Articulata,  Mollusks,  or  Radiata;  though  Mammalia  are  larger 
than  Birds,  Crustacea  larger  than  Insects;  though  Cetacea  are  larger  than  Herbivora, 
these  larger  than  Carnivora,  etc.  The  true  limit  at  which,  in  the  organization  of 
animals,  size  acquires  a  real  importance,  is  that  of  families,  that  is,  the  groups  which 
arc  essentially  distinguished  by  their  form,  as  if  form  and  size  were  correlative  as 
far  as  the  structure  of  animals  is  concerned.  The  representatives  of  natural  families 
are  indeed  closely  similar  in  that  respect ;  the  extreme  differences  are  hardly  any- 
where tenfold  within  these  limits,  and  frequently  only  double.  A  few  examples, 
selected  among  the  most  natural  families,  will  show  this.  Omitting  mankind,  on 
account  of  the  objections  which  might  be  mode  against  the  idea  that  it  embraces 
any  original  diversity,  let  us  consider  the  different  families  of  Monkeys,  of  Bats,  of 
Insectivora,  of  Carnivora,  of  Rodents,  of  Pachyderms,  of  Ruminants,  etc.,  among 
Birds,  the  Vultures,  the  Eagles,  the  Falcons,  the  Owls,  the  Swallows,  the  Finches,  the 
Warblers,  the   Humming  Birds,  the  Doves,  the  Wrens,  the  Ostriches,  the  Herons, 
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the  Plovers,  the  Gulls,  the  Ducks,  the  Pelicans;  among  Reptiles,  the  Crocodiles,  the 
different  families  of  Cheloniuns,  of  Lizards,  of  Snakes,  the  Frogs  proper,  the  Toads, 
etc.;  among  Fishes,  the  Sharks  and  Skates,  the  Herrings,  the  Codfishes,  the  Cyprin- 
nodonts,  the  Chaitodonts,  the  Lophobranchii,  the  Ostracionts,  etc;  among  Insects,  the 
Sphingoid*  or  the  Tineina,  the  Longicorns  or  the  Coccinellina,  the  Boniboidae  or  the 
Brachonidaj;  among  Crustacea,  the  Cancroidea  or  the  Pinnotheroida?,  the  Limuloida? 
or  the  Cypridoidse,  and  the  Rotil'era;1  among  Worms,  the  Dorsibranchiata  or  the 
Naioidae ;  among  Mollusks,  the  Stromboidse  or  the  Buccinoida?,  the  Helicinoidno  or  the 
Limnseoidae,  the  Chamacea  or  the  Cycladoidae ;  among  Radiata,  the  Asterioidaa  and 
the  Ophiuroida?,  the  Hydroids  and  the  Discophoroe,  the  Astraeoidaa  and  the  Actinioida?. 

Having  thus  recalled  some  facta  which  go  to  show  what  are  the  limits  within 
which  size  and  structure  are  more  directly  connected,1  it  is  natural  to  infer,  that 
since  size  is  such  an  important  character  of  species,  and  extends  distinctly  its  cycle 
of  relationship  to  the  families  or  even  further,  it  can  as  little  be  supposed  to  be 
determined  by  physical  agents  as  the  structure  itself  with  which  it  is  so  closely 
connected,  both  bearing  similar  relations  to  these  agente. 

Life  is  regulated  by  a  quantitative  element  in  the  structure  of  all  organized 
beings,  which  is  as  fixed  and  as  precisely  determined  as  every  other  feature  depend- 
ing more  upon  the  quality  of  the  organs  or  their  jmrts.  This  shows  the  more 
distinctly  the  presence  of  a  specific,  immaterial  principle  in  each  kind  of  animals 
and  plants,  as  all  begin  their  existence  in  the  condition  of  ovules  of  a  microscopic 
size,  exhibiting  in  all  a  wonderful  similarity  of  structure.  And  yet  these  primitive 
ovules,  so  identical  at  first  in  their  physical  constitution,  never  produce  any  thing 
different  from  the  parents ;  all  reach  respectively,  through  a  succession  of  unvarying 
changes,  the  same  final  result,  the  reproduction  of  a  new  being  identical  with  the 
parents.  How  does  it  then  happen,  that,  if  physical  agents  have  such  a  powerful 
influence  in  shaping  the  character  of  organized  beings,  we  see  no  trace  of  it  in  the 
innumerable  instances  in  which  these  ovules  are  discharged  in  the  elements  in  which 
they  undergo  their  further  development,  at  a  period  when  the  germ  they  contain. 


1  See  Dana's  Crustacea,  p.  UW  ami  1411. 

*  These  remarks  about  the  average  size  of  ani- 
mals in  relation  to  their  structure,  cannot  fail  to 
meet  with  some  objections  as  it  is  well  known, 
tliat  under  certain  circumstances,  man  may  modify 
the  normal  size  of  a  variety  of  plants  and  of 
domesticated  animals,  and  that  even  in  their  natural 
state  occasional  instances  of  extraordinary  sires 
occur.  But  this  neither  modifies  the  character- 
ise average,  nor   is   it  a  case  which  has  the 


least  bearing  upon  the  question  of  origin  or  even 
the  maintenance  of  any  sj>ecies,  but  only  upon 
individuals,  respecting  which  more  will  be  found  in 
Sect.  16.  Moreover,  it  should  not  be  overlooked 
thnl  there  arc  limits  to  these  variations,  and  that 
though  animals  and  plants  may  be  placed  under 
influences  conducive  to  a  more  or  less  voluminous 
growth,  yet  it  is  chiefly  under  the  agency  of  man, 
that  such  changes  reach  their  extremes.  (See  also 
Sect.  15.) 
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has  not  yet  assumed  any  of  those  more  determined  characteristics  which  distinguish 
the  full-grown  animal  or  the  perfect  plant  ?  Do  physicists  know  a  law  of  the 
material  world  which  presents  any  such  analogy  to  these  phenomena,  that  it  could 
be  considered  as  accounting  for  them? 

In  this  connection  it  should  be  further  remembered,  that  these  cycles  of  size 
characteristic  of  different  families,  are  entirely  different  for  animals  of  different  types, 
though  living  together  under  identical  circumstances. 


SECTION  XIV. 

RELATIONS  BETWEEN  THE  SIZE  OF  ANIMALS,  AND  THE  MEDIUMS  IN  WHICH  THEY  LIVE. 

It  has  just  been  remarked,  that  animals  of  different  types,  even  when  living 
together,  are  framed  in  structures  of  different  size.  Yet,  life  is  so  closely  combined 
with  the  elements  of  nature,  that  each  type  shows  decided  relations,  within  its  own 
limits,  to  these  elements  as  far  as  size  is  concerned.1  The  aquatic  Mammalia,  as  a 
whole,  are  larger  than  the  terrestrial  ones;  so  are  the  aquatic  Birds,  and  the  aquatic 
Reptiles.  In  families  which  are  essentially  terrestrial,  the  species  which  take  to  the 
water  are  generally  larger  than  those  which  remain  permanently  terrestrial,  as  for 
instance,  the  Polar  Bear,  the  Beaver,  the  Coypu,  and  the  Capivara,  Among  the 
different  families  of  aquatic  Birds,  those  of  their  representatives  which  are  more  ter- 
restrial in  their  habits  arc  generally  smaller  than  those  which  live  more  permanently 
in  water.  The  same  relation  is  observed  in  the  different  families  of  Insects  which 
number  aquatic  and  terrestrial  species.  It  is  further  remarkable,  that  among  aquatic 
animals,  the  fresh  water  types  are  inferior  in  size  to  the  marine  ones ;  the  marine 
Turtles  are  all  larger  than  the  largest  inhabitants  of  our  rivers  and  ponds,  the  more 
aquatic  Trionyx  larger  than  the  Emyds  and  among  these  the  more  aquatic  Chelydra 
larger  than  the  true  Emys,  and  these  generally  larger  than  the  more  terrestrial 
Clemmys  or  the  Cistudo.  The  class  of  Fishes  has  its  largest  representatives  in  the 
sea;  fresh  water  fishes  arc  on  the  whole  dwarfs,  in  comparison  to  their  marine 
relatives,  and  the  largest  of  them,  our  Sturgeons  and  Salmons,  go  to  the  sea.  The 
same  relations  obtain  among  Crustacea ;  to  be  satisfied  of  the  fact,  wc  need  only 
compare  our  Crawfishes  with  the  Lobsters,  our  Apus  with  Limulus,  etc.  Among 


1  C.KOKKKOr  St.  Hilaire,  (I»id.,)  lU-cherehes 
loologiques  ft  phvviologiqu)1*  Mir  les  variations 
dc  hi  taillc  cher  Im  Aniinaux  et  dans  id  race* 

7 


humaines,  Paris  1831,  4lo.  —  See  nl«>  my  jmi|mt 
upon  th<>  Natural  Relations  between  Animals  and  the 
Elements,  etc.,  quoted  above,  p.  32. 
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Worms,  the  Earthworms  and  Leeches  furnish  a  still  wider  range  of  comparisons 
when  contrasted  with  the  marine  types.  Among  Gasteropods  and  Acephala,  this 
obtains  to  the  same  extent ;  the  most  gigantic  Ampullariae  and  Anodontae  are  small 
in  comparison  to  certain  Fnsus,  Voluto,  Tritonium,  Cassis,  Strombus,  or  to  the 
Tridacna.  Among  Radiata  even,  which  arc  all  marine,  with  the  exception  of  the 
single  genus  Hydra,  this  ride  holds  good,  as  the  fresh  water  Hydroids  are  among  the 
smallest  Acalephs  known. 

This  coincidence,  upon  such  an  extensive  scale,  seems  to  be  most  favorable  to 
the  view  that  animals  are  modified  by  the  immediate  influence  of  the  elements; 
yet  I  consider  it  as  affording  one  of  the  most  striking  proofs  that  there  is  no  causal 
connection  between  them.  Were  it  otherwise,  the  terrestrial  and  the  aquatic  repre- 
sentatives of  the  same  family  could  not  be  so  similar  as  they  are  in  all  their 
essential  characteristics,  which  actually  stand  in  no  relation  whatsoever  to  these 
elements.  What  constitutes  the  Bear  in  the  Polar  Bear,  is  not  its  adaptation  to  an 
aquatic  mode  of  existence.  What  makes  the  Whales  Mammalia,  bears  no  relation  to 
the  sea.  What  constitutes  Earthworms,  Leeches,  and  Eunice  members  of  one  class, 
has  no  more  connection  with  their  habitat,  than  the  peculiarities  of  structure  which 
unite  Man,  Monkeys,  Bats,  Lions,  Seals,  Beavers,  Mice,  and  Whales  into  one  class. 
Moreover,  animals  of  different  types  living  in  the  same  element  have  no  sort  of 
similarity,  as  to  size.  The  aquatic  Insects,  the  aquatic  Mollusks  fall  in  with  the 
average  size  of  their  class,  as  well  as  the  aquatic  Reptiles  and  the  aquatic  Birds,  or 
the  aquatic  Mammalia;  but  there  is  no  common  average  for  either  terrestrial  or 
aquatic  animals  of  different  classes  taken  together,  and  in  this  lies  the  evidence  that 
organized  beings  are  independent  of  the  mediums  in  which  they  live,  as  far  as  their 
origin  is  concerned,  though  it  is  plain  that  when  created  they  were  made  to  suit 
the  element  in  which  they  were  placed. 

To  me  these  facts  show,  that  the  phenomena  of  life  are  manifested  in  the 
physical  world,  and  not  through  or  by  it  ;  that  organized  beings  are  made  to 
conquer  and  assimilate  to  themselves  the  materials  of  the  inorganic  world;  that 
they  maintain  their  original  characteristics,  notwithstanding  the  unceasing  action  of 
physical  agents  upon  them.  And  I  confess  I  cannot  comprehend  how  beings,  so 
entirely  independent  of  these  influences,  could  be  produced  by  them. 


Chap.  I. 


IMMUTABILITY  OF  SPECIES. 


51 


SECTION  XV. 

PERMANENCY  OF  SPECIFIC  PECULIARITIES  IN  ALL  ORGANIZED  BEINGS. 

It  was  a  great  step  in  the  progress  of  science  when  it  was  ascertained  that 
species  have  fixed  characters,  and  that  they  do  not  change  in  the  course  of  time. 
But  tlus  fact,  for  which  we  are  indebted  to  Cuvier,1  has  acquired  a  still  greater 
importance  since  it  has  also  been  established,  that  even  the  most  extraordinary 
changes  in  the  mode  of  existence  and  in  the  conditions  under  which  animals  may  be 
placed,  have  no  more  influence  upon  their  essential  characters  than  the  lapse  of  time. 

The  facts  bearing  upon  these  two  subjects  are  too  well  known  now  to  require 
special  illustration.  I  will,  therefore,  allude  only  to  a  few  points,  to  avoid  even  the 
possibility  of  a  misapprehension  of  my  statements.  That  animals  of  different  geo- 
logical periods  differ  specifically,  en  ntmxe,  from  those  of  preceding  or  following  forma- 
tions, is  a  fact  satisfactorily  ascertained.  Between  two  successive  geological  periods, 
then,  changes  have  taken  place  among  ainimals  and  plants.  But  none  of  those  pri- 
mordial forms  of  life,  which  naturalists  call  species,  are  known  to  have  changed 
during  any  of  these  periods.  It  cannot  be  denied,  that  the  species  of  different 
successive  periods  are  supposed  by  some  naturalists  to  derive  their  distinguishing 
features  from  changes  which  have  taken  place  in  those  of  preceding  ages;  but  this 
is  a  mere  supposition,  supported  neither  by  physiological  nor  by  geological  evidence, 
and  the  assumption  that  animals  and  plants  may  cliange  in  a  similar  manner  during 
one  and  the  same  period,  is  equally  gratuitous.  On  the  contrary,  it  is  known  by 
the  evidence  furnished  by  the  Egyptian  monuments,  and  by  the  most  careful  com- 
parison between  animals  found  in  the  tombs  of  Egypt  with  living  specimens  of  the 
same  species  obtained  in  the  same  country,  that  there  is  not  the  shadow  of  a  differ- 
ence between  them,  for  a  period  of  about  five  thousand  years.  These  comparisons, 
first  instituted  by  Cuvier,  have  proved,  that  as  far  as  it  has  l>een  possible  to  carry 
back  the  investigation,  it  does  not  afford  the  beginning  of  an  evidence  that  species 
cliange  in  the  course  of  time,  if  the  comparisons  be  limited  to  the  same  great 
cosmic  epoch.     Geology  only  shows  that  at  different  periods1  there  have  existed 


1  CfVIKR,  (G.,)  Recherches  sur  les  osscmcnts 
fossiles,  etc.,  Nouv.,  ddit.  Puns,  1821,  5  vols.,  4to., 
fig.,  voU  i.,  sur  l'lliis,  p.  cxli. 

1  I  trust  no  muler  will  be  no  ignorant  of  tho 
farts  here  alluded  to,  as  to  infer  from  the  use  of 
the  word  "  period "  for  different  eras  and  epochs  of 


(rreat  length,  each  of  which  is  characterized  by  dif- 
ferent animal-.,  that  the  differences  these  animals  ex- 
hibit, is  in  itself  evidence  of  a  change  in  the  species. 
The  question  Li,  whether  any  changes  take  place, 
during  one  or  any  of  these  jieriotbs.  It  is  almost 
incredible  how  loosely  some  people  will  argue  upon 
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different  species ;  but  no  transition  from  those  of  a  preceding  into  those  of  the 
following  epoch  has  ever  been  noticed  anywhere ;  and  the  question  alluded  to  here  is 
to  be  distinguished  from  that  of  the  origin  of  the  differences  in  the  bulk  of  species 
belonging  to  two  different  geological  eras.  The  question  we  are  now  examining 
involves  only  the  fixity  or  mutability  of  species  during  one  epoch,  one  era,  one 
period  in  the  history  of  our  globe.     And  nothing  furnishes  the  slightest  argument  in 


tlii-  (Hiint  from  a  want  of  knowledge  of  (lie  fact*, 
even  though  they  seem  to  reason  logically.  A  dis- 
tinguished physicist  him  recently  taken  up  this  sub- 
ject of  the  immutability  of  species,  nnd  culled  in 
question  the  logic  of  those  who  uphold  it-  I  will 
put  his  argument  into  as  few  words  us  |»ssiblc, 
mid  show,  I  hope,  tluit  it  does  not  touch  the  ease. 
"  Changes  arc  observed  from  one  geological  period 
to  another;  species  which  do  not  exist  at  an  earlier 
period  are  observed  at  a  later  |>criod,  while  the  for- 
mer have  disuppcared ;  and  though  each  species  may 
have  |K>s«csscd  its  peculiarities  unchanged  for  a  lapse 
of  time,  the  fact  that  when  long  periods  ore  con- 
sidered, all  those  of  an  earlier  period  are  replaced 
by  MM  ones  at  a  later  period,  proves  that  species 
change  in  the  end,  provided  a  sufficiently  long  period 
of  time  is  granted."  I  have  nothing  to  object  to  the 
statement  of  facts,  as  fur  us  it  goes,  but  I  maintain 
that  the  conclusion  is  not  logical.  It  is  true  that 
species  arc  limited  to  particular  geological  epochs; 
it  U  equally  true  that,  in  all  geological  formations, 
tho«e  of  successive  periods  are  different,  one  from 
the  other.  But  because  they  so  differ,  does  it  fol- 
low that  they  have  changed,  and  not  been  exchanged 
for,  or  replaced  by  others  ?  The  length  of  time 
taken  for  the  operation  has  nothing  to  do  with  the 
argument.  Granting  myriads  of  years  for  each  pe- 
riod, no  matter  how  many  or  Imjw  few,  the  question 
remain*  simply  this:  When  the  change  tukes  place, 
doe«  i)  take  place  sjiontaneously,  under  the  action  of 
physical  agents,  according  to  their  law,  or  is  it  pro- 
duced by  the  intervention  of  an  agency  not  in  that 
way  at  work  before  or  afterwards  ?  A  comparison 
may  explain  my  view  more  fully.  Let  a  lover  of 
the  fine  arts  visit  a  museum  arranged  systematically, 
and  in  which  the  work*  of  the  different  schools  are 
placed  in  chronological  order ;  as  he  [Misses  from  one 


room  to  another,  he  beholds  changes  as  great  as  those 
the  palaeontologist  observes  in  passing  from  one  sys- 
tem of  rocks  to  another.  But  because  these  works 
bear  a  closer  resemblance  as  they  belong  to  one  or 
the  other  school,  or  to  [Hriods  following  one  another 
closely,  would  the  critic  be  in  any  way  justified 
in  assuming  that  the  earlier  works  have  changed 
into  those  of  a  later  jH-riod,  or  to  deny  that  they 
•re  the  works  of  artists  living  and  active  at  the 
time  of  their  production?  The  question  about  the 
immutability  of  species  is  identical  with  this  sup- 
posed case.  It  is  not  because  species  have  lasted 
for  a  longer  or  shorter  time  in  past  ages,  that  nat- 
uralists consider  them  as  immutable,  but  because  in 
the  whole  series  of  geological  ages,  taking  the  entire 
lapse  of  time  which  has  {Missed  since  the  first  intro- 
duction of  animals  or  plants  upon  earth,  not  the 
slightest  evidence  has  yet  been  produced  thnt  species 
are  actually  transformed  one  into  the  other.  We 
only  know  that  they  are  different  at  different  periods, 
as  are  works  of  art  of  different  periods  and  of  differ- 
ent schools ;  but  as  long  as  we  have  no  other  data  to 
reason  upon  than  those  geology  has  furnished,  to  this 
day,  it  is  as  unphilosophicnl  and  illogical,  because 
such  differences  exist,  to  assume  tliat  species  do 
change,  and  have  clianged,  that  is,  are  transformed, 
or  have  been  transformed,  as  it  would  be  to  main- 
tain that  works  of  art  change  in  the  course  of  time. 
We  do  not  know  how  organized  beings  have  origi- 
nated, it  is  true;  no  naturalist  can  l»e  prepared  to 
account  for  their  appearance  in  the  beginning,  or  for 
their  difference  in  different  period*;  but  enough  is 
known  to  repudiate  the  assumption  of  their  transmu- 
tation, as  it  does  not  explain  the  facts,  nnd  shuts  out 
further  attempts  at  proper  investigations.  See  Ba- 
de* Powell's  Essays,  quoted  above;  p.  412,  et 
seq..  and  Essay  3d,  generally. 
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favor  of  their  mutability;  on  the  contrary,  every  modern  investigation1  has  only 
gone  to  confirm  the  results  first  obtained  by  Cuvier,  and  his  views  that  species  are 
fixed. 

It  is  something  to  be  able  to  show  by  monumental  evidence,  and  by  direct  com- 
parison, that  animals  and  plants  have  undergone  no  change  for  a  period  of  about 
five  thousand  years.1  This  result  has  had  the  greatest  influence  upon  the  progress 
of  science,  especially  with  reference  to  the  consequences  to  be  drawn  from  the  occur- 
rence in  the  series  of  geological  formations  of  organized  beings  as  highly  diversified 
in  each  epoch  as  those  of  the  present  day;*  it  has  laid  the  foundation  for  the  con- 
viction, now  universal  among  well  informed  naturalists,  that  this  globe  has  been  in 
existence  for  innumerable  ages,  and  that  the  length  of  time  elapsed  since  it  first 
became  inhabited  cannot  be  counted  in  years.  Even  the  length  of  the  period  to 
which  M'e  belong  is  still  a  problem,  notwithstanding  the  precision  with  which  certain 
systems  of  chronology  would  fix  the  creation  of  man.4  There  are,  however,  many 
circumstances  which  show  that  the  animals  now  living  have  been  for  a  much  longer 
period  inhabitants  of  our  globe  than  is  generally  supposed.  It  has  been  possible  to 
trace  the  formation  and  growth  of  our  coral  reefs,  especially  in  Florida,5  with  suffi- 
cient precision  to  ascertain  that  it  must  take  about  eight  thousand  years  for  one  of 
those  coral  walls  to  rise  from  its  foundation  to  the  level  of  the  surface  of  the  ocean. 
There  are,  around  the  southernmost  extremity  of  Florida  alone,  four  such  reels  con- 
centric with  one  another,  which  can  be  shown  to  have  grown  up,  one  after  the 
other.  This  gives  for  the  beginning  of  the  first  of  these  reefs  an  age  of  over  thirty 
thousand  years ;  and  yet  the  corals  by  which  they  were  all  built  up  are  the  same 
identical  species  in  all  of  them.  These  facts,  then,  furnish  as  direct  evidence  as  we 
can  obtain  in  any  branch  of  physical  inquiry,  that  some,  at  least,  of  the  species  of 
animals  now  existing,  have  been  in  existence  over  thirty  thousand  years,  and  have 
not  undergone  the  slightest  change  during  the  whole  of  that  period.6    And  yet  these 


1  RCKTH,  Rccherches  sur  les  plantes  trouvees 
dun*  les  tombcaux  cgyptiens,  Ann.  des  seien.  nat.,  vol. 
viii.,  182C,  p.  411. 

1  It  is  not  for  me  to  discuss  the  degree  of  reli- 
ability of  the  Egyptian  chronology ;  but  as  far  as  it 
goes,  it  shows  that  from  the  oldest  periods  ascer- 
tained, animals  have  been  what  they  are  now. 

*  See  my  paper  upon  The  Primitive  Diversity, 
etc.,  quoted  above,  p.  25. 

*  Xott  Sc.  Uliddox,  Types  of  Mankind,  p.  G53. 

*  See  my  paper  upon  the  Reefs  of  Florida,  soon 
to  be  published  in  the  Report  of  the  Dated  States 


Coast  Survey,  extract*  of  which  are  already  printed 
in  the  Report  for  1831,  p.  145. 

•  Those  who  feel  inclined  to  ascribe  the  differ- 
ence's which  exist  between  species  of  different  geo- 
logical periods  to  the  modifying  influence  of  physi- 
cal agents,  and  who  look  to  the  changes  now  going 
on  among  the  living  for  the  support  of  such  an 
opinion,  and  may  not  be  satisfied  that  the  fuels  just 
mentioned  are  sufficient  to  prove  the  immutability 
of  s|»'cies,  but  may  still  believe  that  a  longer  period 
of  time  would  yet  do  what  thirty  thousand  years 
have  not  done,  I  beg  leave  to  refer,  for  further  con- 


Digitized  by  Google 


54 


ESSAY  ON  CLASSIFICATION. 


Part  I. 


four  concentric  reefs  are  only  the  most  distinct  of  that  region ;  others,  less  exten- 
sively investigated  thus  fur,  he  to  the  northward;  indeed,  the  whole  peninsula  of 
Florida  consists  altogether  of  coral  reefs  annexed  to  one  another  in  the  course  of 
time,  and  containing  only  fragments  of  corals  and  shells,  etc.,  identical  with  those 
now  living  upon  that  coast.  Now,  if  a  width  of  five  miles  is  a  fair  average  for  one 
coral  reef  growing  under  the  circumstances  under  which  the  concentric  reefs  of 
Florida  are  seen  now  to  follow  one  another,  and  this  regular  succession  should  extend 
only  as  fur  north  as  Luke  Ogeechohee,  for  two  degrees  of  latitude,  this  would  give 
about  two  hundred  thousand  years  for  the  period  of  time  which  was  necessary  for 
that  part  of  the  peninsula  of  Florida  which  lies  south  of  Luke  Ogeechohee  to  rise 
to  its  present  southern  extent  above  the  level  of  the  sea,  and  during  which  no 
changes  have  taken  place  in  the  character  of  the  animals  of  the  Gulf  of  Mexico. 

It  is  very  prejudicial  to  the  best  interests  of  science  to  confound  questions  that 
are  entirely  different,  merely  for  the  sake  of  supporting  a  theory;  yet  this  is  con- 
stantly done,  whenever  the  question  of  the  fixity  of  species  is  alluded  to.  A  few 
more  words  upon  this  point  will,  therefore,  not  be  out  of  place  here, 

I  will  not  enter  into  a  discussion  upon  the  question  whether  any  species  is  found 
identically  the  same  in  two  successive  formations,  as  I  have  already  examined  it  at 
full  length  elsewhere,1  and  it  may  be  settled  finally  one  way  or  the  other,  without 
affecting  the  proposition  now  under  consideration ;  for  it  is  plain,  that  if  such  identity 
could  be  proved,  it  would  only  show  more  satisfactorily  how  tenacious  species  are  in 
their  character,  to  continue  to  live  through  all  the  physical  changes  which  have 
taken  place  between  two  successive  geological  periods.  Again,  such  identity  once 
proved,  would  leave  it  still  doubtful  whether  their  representatives  in  two  successive 
epochs  are  descendants  one  of  the  other,  as  we  have  already  strong  evidence  in  favor 
of  the  separate  origin  of  the  representatives  of  the  same  species  in  separate  geo- 
graphical areas.1  The  case  of  closely  allied,  but  different  species  occurring  in  succes- 
sive periods,  yet  limited  respectively  in  their  epochs,  affords,  in  the  course  of  time,  a 
parallel  to  the  case  of  closely  allied,  so-called,  representative  species  occupying  differ- 
ent areas  in  space,  which  no  sound  naturalist  would  suppose  now  to  be  derived  one 
from  the  other.  There  is  no  more  reason  to  suppose  equally  allied  species  following 
one  another  in  time  to  be  derived  one  from  the  other;  and  ull  that  has  been  said 


pidcratian,  to  the  charming  song  of  C'hamisso,  entitled 
Tragishe  Geecbichie,  and  beginning  as  follows: 
'a  war  Kiner  dem's  zu  Herein  ging. 
1  Agasmz,  (L..)  Coquillca  tcrtiaires  rvputees 
identiques  avec  lea  cspeces  vivonlcs,  Xouv.  Mem.  d<» 
la  Soc.  Helv.  det  sc.  not.  Xeucbatel,  1845,  vol.  7, 
4to.  fig.  — A<iAssiz,  (L.,)  Eludes  critiques  gur  les 


Mollusquos  fossiles,  Xcuchlttl,  1831-45,  4to.  fig.— 
AOAStU)  (L.,)  Monographic*  d'Ecliinodenncs  vivans 
et  f«*t»iles,  Xeucliatel,  1838-42,  4  no*.,  4 to.  fig.— 
Aoassiz,  (L.,)  Rcehervhes  sur  lea  Poissona  fossiles, 
Xeuchfltel,  18,13-44,  5  vols.,  4to.,  atlas,  fol. 

•  See  Sect.  10,  where  the  case  of  representative 
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in  preceding  paragraphs  respecting  the  differences  observed  between  species  occurring 
in  different  geographical  areas,  applies  with  the  same  force  to  species  succeeding 
each  other  in  the  course  of  time. 

When  domesticated  animals  and  cultivated  plants  are  mentioned  as  furnishing 
evidence  of  the  mutability  of  species,  the  circumstance  is  constantly  overlooked  or 
passed  over  in  silence,  that  the  first  point  to  be  established  respecting  them,  in  order 
to  justify  any  inference  from  them  against  the  fixity  of  species,  would  be  to  show 
that  each  of  them  has  originated  from  one  common  stock,  which,  far  from  being  the 
case,  is  flatly  contradicted  by  the  positive  knowledge  we  have  that  the  varieties  of 
several  of  them,  at  least,  are  owing  to  the  entire  amalgamation  of  different  species.1 
The  Egyptian  monuments  show  further  that  many  of  those  so-called  varieties  which 
are  supposed  to  be  the  product  of  time,  are  as  old  as  any  other  animals  which  have 
been  known  to  man;  at  all  events,  we  have  no  tradition,  no  monumental  evidence 
of  the  existence  of  any  wild  animal  older  than  that  which  represents  domesticated 
animals,  already  as  different  among  themselves  as  they  are  now.1  It  is,  therefore, 
quite  possible  that  the  different  races  of  domesticated  animals  were  originally  distinct 
species,  more  or  less  mixed  now,  as  the  different  races  of  men  are.  Moreover, 
neither  domesticated  animals  nor  cultivated  plants,  nor  the  races  of  men,  are  the 
proper  subjects  for  an  investigation  respecting  the  fixity  or  mutability  of  species,  as 
all  involve  already  the  question  at  issue  in  the  premises  which  are  assumed  in  intro- 
ducing them  as  evidence  in  the  ease.  With  reference  to  the  different  breeds  of  our 
domesticated  animals,  which  are  known  to  be  produced  by  the  management  of  man, 
as  well  as  certain  varieties  of  our  cultivated  plants,  they  must  be  well  distinguished 
from  pennanent  races,  which,  for  aught  we  know,  may  be  primordial ;  for  breeds 
are  the  result  of  the  fostering  care  of  man;  they  are  the  product  of  the  limited 
influence  and  control  the  human  mind  has  over  organized  beings,  and  not  the  free 
product  of  mere  physical  agents.  They  show,  therefore,  that  even  the  least  impor- 
tant changes  which  may  take  place  during  one  and  the  same  cosmic  period  among 
animals  and  plants  are  controlled  by  an  intellectual  power,  and  do  not  result  from 
the  immediate  action  of  physical  causes. 

So  far,  then,  from  disclosing  the  effects  of  physical  agents,  whatever  changes  are 
known  to  take  place  in  the  course  of  time  among  organized  beings  appear  as  the 
result  of  an  intellectual  power,  and  go,  therefore,  to  substantiate  the  view  that  all 
the  differences  observed  among  finite  beings  are  ordained  by  the  action  of  the 
Supreme  Intellect,  and  not  determined  by  physical  causes.  This  position  is  still 
more  strengthened  when  we  consider  that  the  differences  which  exist  between  differ- 
ent races  of  domesticated  animals  and  the  varieties  of  our  cultivated  plants,  as  well 

1  Our  fowl*,  for  instance.  *  Norr  Sc  Gmddox,  Types  of  Mnnkincl,  p.  3HC. 
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as  among  the  races  of  men,  are  permanent  under  the  most  diversified  climatic  influ- 
ences ;  a  fact,  which  the  extensive  migrations  of  the  civilized  nations  daily  proves  more 
extensively,  and  which  stands  in  direct,  contradiction  to  the  supposition  that  such  or 
similar  influences  could  have  produced  them. 

When  considering  the  subject  of  domestication,  in  particular,  it  ought  further  to 
be  remembered,  that  every  race  of  men  has  its  own  peculiar  kinds  of  domesticated 
animals  and  of  cultivated  plants,  which  exhibit  much  fewer  varieties  among  them 
in  proportion  as  those  races  of  men  have  had  little  or  no  intercourse  with  other 
races,  than  the  domesticated  animals  of  those  nations  which  have  been  formed  by  the 
mixture  of  several  tribes. 

It  is  often  stated  that  the  ancient  philosophers  have  solved  satisfactorily  all  the 
great  questions  interesting  to  man,  and  that  modern  investigations,  though  they  have 
grasped  with  new  vigor,  and  illuminated  with  new  light,  all  the  phenomena  of  the 
material  world,  have  added  little  or  nothing  in  the  field  of  intellectual  progress.  Is 
this  true  ?  There  is  no  question  so  deeply  interesting  to  man  as  that  of  his  own 
origin,  and  the  origin  of  till  things.  And  yet  antiquity  had  no  knowledge  concerning 
it  ;  things  were  formerly  believed  either  to  be  from  eternity,  or  to  have  been  created 
at  one  time.  Modern  science,  however,  can  show,  in  the  most  satisfactory  manner,  • 
that  all  finite  beings  have  made  their  appearance  successively  and  at  long  intervals, 
and  that  each  kind  of  organized  beings  has  existed  for  a  definite  period  of  time  in 
past  ages,  and  tbat  those  now  living  are  of  comparatively  recent  origin.  At  the 
same  time,  the  order  of  their  succession  and  their  immutability  during  such  cosmic 
periods,  show  no  causal  connection  with  physical  agents  and  the  known  sphere  of 
action  of  these  agents  in  nature,  but  argue  in  favor  of  repeated  interventions  on 
the  part  of  the  Creator.  It  seems  really  surprising,  that  wliile  such  an  intervention 
is  admitted  by  all,  except  the  strict  materialists,  for  the  establishment  of  the  laws 
regulating  the  inorganic  world,  it  is  yet  denied  by  so  many  physicists,  with  reference 
to  the  introduction  of  organized  beings  at  different  successive  periods.  Does  this  not 
rather  go  to  show  the  imperfect  acquaintance  of  these  investigators  with  the  condi- 
tions under  which  life  is  manifested,  and  with  the  essential  difference  there  is  between 
the  phenomena  of  the  orgamc  and  those  of  the  physical  world,  than  to  furnish  any 
evidence  that  the  organic  world  is  the  product  of  physical  causes? 
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SECTION  XVI. 

RELATIONS  BETWEEN  ANIMALS  AND  PLANTS  AND  THE  St'KROl'NDING  WORLD. 

Every  animal  and  plant  stands  in  certain  definite  relations  to  the  surrounding 
world,  some  however,  like  the  domestic  animals  and  cultivated  plants,  being  capable 
of  adapting  themselves  to  various  conditions  more  readily  than  others;  but  even 
this  pliability  is  a  characteristic  feature.  These  relations  are  highly  important  in  a 
systematic  point  of  view,  and  deserve  the  most  careful  attention,  on  the  part  of 
naturalist*  Yet,  the  direction  zoological  studies  have  taken  since  comparative  anat- 
omy and  embryology  began  to  absorb  almost  entirely  the  attention  of  naturalists, 
has  been  very  unfavorable  to  the  investigation  of  the  habits  of  animals,  in  which 
their  relations  to  one  another  and  to  the  conditions  under  which  they  live,  are  more 
especially  exhibited.  We  have  to  go  back  to  the  authors  of  the  preceding  century,1 
for  the  most  interesting  accounts  of  the  habits  of  animals,  as  among  modem  writers 
there  arc  few  who  have  devoted  their  chief  attention  to  this  subject*  So  little, 
indeed,  is  its  importance  now  appreciated,  that  the  students  of  this  branch  of  natural 
history  arc  hardly  acknowledged  as  peers  by  their  fellow  investigators,  the  anat- 
omists and  physiologists,  or  the  systematic  zoologists.  And  yet,  without  a  thorough 
knowledge  of  the  habits  of  animals,  it  will  never  be  possible  to  ascertain  with  any 
degree  of  precision  the  true  limits  of  all  those  species  which  descriptive  zoologists 
have  of  late  admitted  with  so  much  confidence  in  their  works.  And  after  all,  what 
does  it  matter  to  science  that  thousands  of  species  more  or  less,  should  be  described 
and  entered  in  our  systems,  if  we  know  nothing  about  them  ?  A  very  common 
defect  of  the  works  relating  to  the  habits  of  animals  has  no  doubt  contributed  to 
detract  from  their  value  and  to  turn  the  attention  in  other  directions:  their  purely 
anecdotic  character,  or  the  circumstance  that  they  are  too  frequently  made  the 
occasion   for  narrating  personal   adventures.     Nevertheless,  the  importance  of  this 


1  Rkai  mi  K,  (It.  Ant.  dk.)  Mcmoirc*  pour 
wrvir  a  1'histoire  .Irs  Wctes,  Paris,  1S34-42,  6  vol. 
4to.  fig.  —  RiJski.,  (A.  J.,)  In*eetenbelu>»tigungeri, 
XurnlM-rp,  1 7-16— Gl ,  -1  vol*,  4to.  fig. —  Biffox, 
(G.  L.  LsClBRC  i>k.)  BbtMN  naturellc  gem-rule 
el  pnrtieuliere.  Pari*,  17U».  44  vol*.  4to.  fig. 

*  Airurnos,  (J.  J„)  Ornithological  Biography, 
or  an  Account  of  the  Habit*  of  tin-  Bird*  of  the 
United  States  of  America,   Hamburgh,  1*31-49, 

8 


5  vol«.  8to.  — Kiriiy,  (\V„)  ami  Si-kxck,  (W..) 
An  Introduction  to  Entomology,  London,  1S1S-2I-,, 
4  vol*.  8vo.  fig.  —  Lutt,  (II.  O.,)  Gcmeinniitjtige 
Ntiturgc*chichtc,  Gotha,  1K3.">,  I  vol*.  Kvo. —  Rat- 
2EXULRO,  (J.  Tn.  Cii.,)  Die  Forst-lnsekten,  Her- 

lin,  IK:!?-*!,  3  vol*.  4lo.  fig.,  and  supplement  

IIarki*.  (T.  W„)  Report  on  the  Insects  injurious 
to  Vegetation,  Cambridge,  1841,  1  vol.  8vo.j  the 
nio^t  important  work  on  American  Insect*. 
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kind  of  investigation  can  hardly  be  overrated ;  and  it  would  be  highly  desirable  that 
naturalists  should  turn  again  their  attention  that  way,  now  that  comparative  anatomy 
and  physiology,  as  well  as  embryology,  may  suggest  so  many  new  topics  of  inquiry, 
and  the  progress  of  physical  geography  has  laid  such  a  broad  foundation  for 
researches  of  this  kind.  Then  we  may  learn  with  more  precision,  how  far  the 
species  described  from  isolated  specimens  are  founded  in  nature,  or  how  far  they 
may  be  only  a  particular  stage  of  growth  of  other  species;  then  we  shall  know, 
what  is  yet  too  little  noticed,  how  extensive  the  range  of  variations  is  among  ani- 
mals, observed  in  their  wild  state,  or  rather  how  much  individuality  there  is  in  each 
and  all  living  beings.  So  marked,  indeed,  is  this  individuality  in  many  families,— and 
that  of  Turtles  afforils  a  striking  example  of  this  kind,  —  that  correct  descriptions  of 
species  can  hardly  be  drawn  from  isolated  specimens,  as  is  constantly  attempted  to 
be  done.  I  have  seen  hundreds  of  specimens  of  some  of  our  Chelonians,  among 
which  there  were  not  two  identical.  And  truly,  the  limits  of  this  variability  con- 
stitutes one  of  the  most  important  characters  of  many  species;  and  without  precise 
information  upon  this  point  for  every  genus,  it  wUl  never  be  possible  to  have  a 
solid  basis  for  the  distinction  of  species.  Some  of  the  most  perplexing  questions 
iu  Zoology  and  Palaeontology  might  long  ago  have  been  settled,  had  we  had  more 
precise  information*  upon  this  point,  and  were  it  better  known  how  unequal  in  this 
respect  different  groups  of  the  animal  kingdom  are,  when  compared  with  one 
another.  While  the  individuals  of  some  species  seem  all  different,  and  might  be 
described  as  different  species,  if  seen  isolated  or  obtained  from  different  regions,  those 
of  other  species  appear  all  as  cast  in  one  and  the  same  mould.  It  must  be,  there- 
fore, at  once  obvious,  how  different  the  results  of  the  comparison  of  one  fauna  with 
another  may  be,  if  the  species  of  one  have  been  studied  accurately  for  a  long 
period  by  resident  naturalists,  and  the  other  is  known  only  from  sjiecimcns  collected 
by  chance  travellers;  or,  if  the  fossil  representatives  of  one  period  are  compared 
with  living  animals,  without  both  fauna?  having  first  been  revised  according  to  the 
same  standard." 

Another  deficiency,  in  most  works  relating  to  the  habits  of  animals,  consists  in 
the  absence  of  general  views  and  of  comparisons.  We  do  not  learn  from  them, 
how  far  animals  related  by  their  structure  are  similar  in  their  habits,  and  how  far 


1  In  this  respect,  I  would  remark  (lint  moil  of 
the  cases,  in  which  specific  identity  hit*  hecn  affirmed 
between  living  and  fossil  species,  or  between  the 
fossil*  of  different  geological  periods  belong  to 
families  which  present  either  great  similarity  or 
extraordinary  variability,  and  in  which  the  limit?  of 
species  arc-,  therefore,  very  difficult    to  establish. 


Such  cases  should  be  altogether  rejected  in  the 
investigation  of  general  questions,  involving  funda- 
mental principles,  as  nre  untrustworthy  observations 
always  in  other  departments  of  science.  Compare 
further,  my  paper  upon  the  primitive  diversity  and 
number  of  animals,  quoted  nlwve,  in  which  this 
point  is  specially  considered. 
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these  habit-  are  the  expression  of  their  structure.  Every  species  is  described  as  if 
it  stood  alone  in  the  world ;  its  peculiarities  are  mostly  exaggerated,  as  if  to  con- 
trast more  forcibly  with  all  others.  Yet,  how  interesting  would  be  a  comparative 
study  of  the  mode  of  life  of  closely  allied  species;  how  instructive  a  picture  might 
be  drawn  of  the  resemblance  there  is  in  this  respect  between  species  of  the  same 
genus  and  of  the  same  family.  The  more  I  learn  upon  this  subject,  the  more  am  I 
struck  with  the  similarity  in  the  very  movements,  the  general  habits,  and  even  in 
the  intonation  of  the  voices  of  animals  belonging  to  the  same  family ;  that  is  to  say, 
between  animals  agreeing  in  the  main  in  lbrm,  size,  structure,  and  mode  of  develop- 
ment A  minute  study  of  these  habits,  of  these  movements,  of  the  voice  of  animals 
cannot  fail,  therefore,  to  throw  additional  light  upon  their  natural  affinities. 

While  I  thus  ucknowledge  the  great  importance  of  such  investigations  with  refer- 
ence to  the  systematic  arrangement  of  animals,  I  cannot  help  regretting  deeply,  that 
they  are  not  more  highly  valued  with  reference  to  the  information  they  might 
secure  respecting  the  animals  themselves,  independently  of  any  system.  How  much 
is  there  not  left  to  study  with  respect  to  every  species,  after  it  is  named  and  classi- 
fied. No  one  can  read  Nauman's  Natural  History  of  the  German  Birds  without 
feeling  that  natural  history  would  be  much  further  advanced,  if  the  habits  of  all 
other  animals  had  been  as  accurately  investigated  and  as  minutely  recorded ;  and  yet 
that  work  contains  hardly  any  thing  of  importance  with  reference  to  the  systematic 
arrangement  of  birds.  We  scarcely  possess  the  most  elementary  information  neces- 
sary to  discuss  upon  a  scientific  basis  the  question  of  the  instincts  and  in  general 
the  faculties  of  animals,  and  to  compare  them  together  and  with  those  of  man,1 
not  only  because  so  few  animals  have  been  thoroughly  investigated,  but  because  so 
much  fewer  still  have  been  watched  during  their  earlier  periods  of  life,  when  their 
faculties  are  first  developing;  and  yet  how  attractive  and  instructive  this  growing 
age  Is  in  every  living  being!  Who  could,  for  instance,  believe  for  a  moment  longer 
that  the  habits  of  animals  are  in  any  degree  determined  by  the  circumstances  under 
which  they  live,  after  having  seen  a  little  Turtle  of  the  genus  Chelydra,  still 
enclosed  in  its  egg-shell,  which  it  hardly  fills  half-way,  with  a  yolk  bag  as  large  as 
itself  hanging  from  its  lower  surface  and  enveloped  in  its  amnios  and  in  its  allantois, 
with  the  eyes  shut,  snapping  as  fiercely  as  if  it  could  bite  without  killing  itself? 2 
Who  can  watch  the  Sunfish  (Pomotis  vulgaris)  hovering  over  its  eggs  and  protecting 
them  for  weeks,  or  the  Catfish  (Pimelodus  Catus)  move  about  with  its  young,  like 


1  Srnr.lTI.IN-,  (P..)  Versurh  piner  YnlUtiindipen 
Thier*eplenkunde,   Stutljmrt   und    Ttibinj»en,    IS  10, 

2  vol*.  8vo  Ci  vikr,  (Frkii.,)  Resume  analyt- 

ique  dps  observations  sur  l'in»tinct  et  l'lntelligence 


dp*  nnimnux,  par  It.  Flourenn,  Ann.  So.  Nat.,  Kb 
eer.,  vol.  12. 

*  See,  Part  III.,  which  Ls  devoted  to  the  Em- 
bryology of  our  Turtles. 
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a  hen  with  her  brood,  without  remaining  satisfied  that  the  feeling  which  prompts 
them  in  these  acta  is  of  the  same  kind  as  that  which  attaches  the  Cow  to  her 
suckling,  or  the  child  to  its  mother?  Who  is  the  investigator,  who  having  once 
recognized  such  a  similarity  between  certain  faculties  of  Man  and  those  of  the  higher 
animals  can  feel  prepared,  in  the  present  stage  of  our  knowledge,  to  trace  the  limit 
where  this  community  of  nature  ceases?  And  yet  to  ascertain  the  character  of  all 
these  faculties  there  is  hut  one  road,  the  study  of  the  hahits  of  animals,  and  a 
comparison  between  them  and  the  earlier  stages  of  development  of  Man.  I  confess 
I  COuld  not  say  in  what  the  mental  faculties  of  a  child  differ  from  those  of  a 
young  Chimpanzee. 

Now  that  we  have  physical  maps  of  almost  every  part  of  the  globe,1  exhibiting 
the  average  temperature  of  the  whole  year  and  of  every  season  upon  land  and  sea; 
now  that  the  average  elevation  of  the  continents  above  the  sea,  and  that  of  the 
most  characteristic  parts  of  their  surface,  their  valleys,  their  plains,  their  table-lands, 
their  mountain  systems,  are  satisfactorily  known ;  now  that  the  distribution  of  moisture 
in  the  atmosphere,  the  limits  of  the  river  systems,  the  prevailing  direction  of  the 
winds,  the  course  of  the  currents  of  the  ocean,  are  not  only  investigated,  but  mapped 
down,  even  in  school  atlases;  now  that  the  geological  structure  of  nearly  all  parts 
of  the  globe  has  been  determined  with  tolerable  precision,  zoologists  have  the  widest 
field  and  the  most  accurate  basis  to  ascertain  all  the  relations  which  exist  between 
animals  and  the  world  in  which  they  live. 

Having  thus  considered  the  physical  agents  with  reference  to  the  share  they  may 
have  had  in  culling  organized  beings  into  existence,  and  satisfied  ourselves  that 
they  are  not  the  cause  of  their  origin,  it  now  remains  for  us  to  examine  more 
particularly  these  relations,  as  an  established  fact,  as  conditions  in  which  animals  and 
plants  are  placed  at  the  time  of  their  creation,  within  definite  limits  of  action  and 
reaction  between  them;  for  though  not  produced  by  the  influence  of  the  physical 
world,  organized  beings  live  in  it,  they  are  born  in  it,  they  grow  up  in  it,  they 
multiply  in  it,  they  assimilate  it  to  themselves  or  feed  upon  it,  they  have  even  a 
modifying  influence  upon  it  within  the  same  limits,  as  the  physical  world  is  sub- 
servient to  every  manifestation  of  their  life.  It  cannot  fail,  therefore,  to  be  highly 
interesting  and  instructive  to  trace  these  connections,  even  without  any  reference 
to  the  manner  in  which  they  were  established,  and  this  is  the  proper  sphere  of 
investigation  in  the  study  of  the  habits  of  animals.  The  behavior  of  each  kind 
towards  its  fellow-beings,  and  with  reference  to  the  conditions  of  existence  in  which 
it  is  placed,  constitutes  a  field  of  inquiry  of  the  deepest  interest,  as  extensive  as  it  is 

1  Bekcihav*.  PhrMkalirfdK-r  Alias  Gotha,  1838  Alia*  of  Xiiturnl  Phi-nomeiia,  Edinburgh,  1818, 
et  wq.,  fbL — Fohmtox,  (Alex.  Kutb,)  Physical      1  vol.  fbL 


Chap.  I. 


HABITS   OF  ANIMALS. 


61 


complicated.  When  properly  investigated,  especially  within  the  sphere  which  con- 
stitutes more  particularly  the  essential  characteristics  of  each  species  of  animals  and 
plant.*,  it  is  likely  to  afford  the  most  direct  evidence  of  the  unexpected  independence 
of  physical  influences  of  organized  beings,  if  I  mistake  not  the  evidence  1  have 
myself  been  able  to  collect  What  can  there  be  more  characteristic  of  different 
species  of  animals  than  their  motions,  their  plays,  their  affections,  their  sexual  rela- 
tions, their  care  of  their  young,  the  dependence  of  these  upon  their  parents,  their 
instincts,  etc.,  etc. ;  and  yet  there  is  nothing  in  all  this  which  depends  in  the  slight- 
est degree  upon  the  nature  or  the  influence  of  the  physical  conditions  in  which 
they  live.  Even  their  organic  functions  are  independent  of  these  conditions  to  a 
degree  unsuspected,  though  this  is  the  sphere  of  their  existence  which  exhibits  the 
closest,  connections  with  the  world  around. 

Functions  have  so  long  been  considered  as  the  test  of  the  character  of  organs, 
that  it  has  almost  become  an  axiom  in  comparative  anatomy  and  physiology,  that 
identical  functions  presuppose  identical  organs.  Most  of  our  genend  works  upon 
comparative  anatomy  are  divided  into  chapters  according  to  this  view.  And  yet 
there  never  was  a  more  incorrect  principle,  leading  to  more  injurious  consequences, 
more  generally  adopted.  That  naturalists  should  not  long  ago  have  repudiated  it, 
is  the  more  surprising  as  every  one  must  have  felt  again  and  again  how  unsound 
it  is.  The  organs  of  respiration  and  circulation  of  fishes  afford  a  striking  example. 
How  long  have  not  their  gills  been  considered  as  the  equivalent  of  the  lungs  of 
the  higher  Vertebrato,  merely  because  they  are  breathing  organs;  and  yet  these  gills 
are  formed  in  a  very  different  way  from  the  lungs;  they  bear  very  different  rela- 
tions to  the  vascular  system  ;  and  it  is  now  known  that  they  may  exist  simultane- 
ously with  lungs,  as  in  some  full-grown  Batrachians,  and,  in  the  earlier  embryonic 
stages  of  development,  in  all  Vertebrato.  There  can  no  longer  be  any  doubt  now, 
that  they  are  essentially  different  orgnns,  and  that  their  functions  afford  no  test  of 
their  nature  and  cannot  constitute  an  argument  in  favor  of  their  organic  identity. 
The  same  may  be  said  of  the  vascular  system  of  the  fishes.  Cuvier1  described  their 
heart  as  representing  the  right  auricle  and  the  right  ventricle,  because  it  propels 
the  blood  it  contains  to  the  gills,  in  the  same  manner  as  the  right  ventricle  pro- 
pis  the  blood  to  the  lungs  of  the  warm  blooded  animals;  yet  embryology  has 
taught  us  that  such  a  comparison  based  upon  the  special  relations  of  the  heart  of 
fishes,  is  unjustifiable.  The  air  sacs  of  certain  spiders  have  also  been  considered 
as  lungs,  because  they  perform  similar  respiratory  functions,  and  yet  they  are  only 
modified  trachea'.2  which  are  constructed  upon  such  a  peculiar  plan,  and  stand  in 

'  Ccvikr,  (G„)  Ri-gn.  Anitn.,  2<le  edit.,  vol.  2,  1  LbcCKABBT,  (It,)  U««her  den  B«u  und  die 

p.  122.  Itak-uUing  dcr  sogvtuiniiten  Lungcn  bci  den  Arwh- 


Digitized  by  Google 


02 


ESSAY  ON  CLASSIFICATION. 


Pakt  L 


such  different  relations  to  the  peculiar  kind  of  blood  of  the  Articulata,1  that  no 
homology  can  be  traced  between  them  and  the  lungs  of  Vertebrate,  no  more 
than  between  the  so-called  lungs  of  the  air  breathing  Mollusks,  whose  aerial  respira- 
tory cavity  is  only  a  modification  of  the  peculiar  kind  of  gills  observed  in  other 
Mollusks.  Examples  might  easily  be  multiplied;  I  will,  however,  only  allude  further 
to  the  alimentary  canal  of  Insects  and  Crustacea,  with  its  glandular  appendages, 
formed  in  such  a  different  way  from  that  of  Vertebrate,  or  Mollusks,  or  Radiate,  to 
their  legs  and  wings,  etc.,  etc.  1  might  allude  also  to  what  has  been  called  the  foot 
in  Mollusks,  did  it  not  appear  like  pretending  to  suppose  that  any  one  entertains 
still  an  idea  tbat  such  a  name  implies  any  similarity  between  their  locomotive 
apparatus  and  that  of  Vertebrate  or  Articulate,  and  yet,  the  very  use  of  such  a 
name  misleads  the  student,  and  even  some  of  the  coryphees  of  our  science  have 
not  freed  themselves  of  such  and  similar  extravagant  comparisons,  especially  with 
reference  to  the  solid  parts  of  the  frame  of  the  lower  animals.1 

The  identification  of  functions  and  organs  was  a  natural  consequence  of  the 
prevailing  ideas  respecting  the  influence  physical  agents  were  supposed  to  have  upon 
organized  beings.  But  as  soon  as  it  is  understood,  how  different  the  organs  may 
be,  which  in  animals  perform  the  same  function,  organization  is  at  once  brought  into 
such  a  position  to  physical  agents  as  makes  it  utterly  impossible  to  maintain  any 
genetic  connection  between  them.  A  fish,  a  crab,  a  mussel,  living  in  the  same 
waters,  breathing  at  the  same  source,  should  have  the  same  respiratory  organs,  if  the 
elements  in  which  these  animals  live  had  any  thing  to  do  with  shaping  their  organi- 
zation. I  suppose  no  one  can  be  so  short-sighted,  as  to  assume  that  the  same 
physical  agents  acting  upon  animals  of  different  types,  must  produce,  in  each,  peculiar 
organs,  and  not  to  perceive  that  such  ail  assumption  implies  the  very  existence  of 
these  animals,  independently  of  the  physical  agents.  But  this  mistake  recurs  so 
constantly  in  discussions  upon  this  and  similar  topics,  that,  trivial  as  it  is,  it  requires 
to  be  rebuked.8     On  the  contrary,  when  acknowledging  an  intellectual  conception, 


niden,  in  Siebold  und  Koi.liker's  Zeitscbrift,  f. 
wiss.  ZooL,  1849,  I.,  p.  210. 

1  Blanciiard,  (Em.,)  De  In  circulation  dims  Its 
Insect?*,  Cotnpl.  Kind.,  1847,  vol.  24,  p.  870.— 
Ac.assiz,  (L.,)  On  the  Circulation  of  the  Fluids  in 
Insects,  Troc.  Atner.  Asso.,  for  1840,  p.  140. 

'  Caris,  (C.  G.,)  Von  den  Ur-Theilen  deg 
Knoehen-  und  SehaleiigerlHtes,  Leipzig,  1828,  1  vol., 
foU  p.  G1-8D. 

*  I  hope  the  day  is  not  far  distant,  when  zoolo- 
gists and   botanist*  will  equally   disclaim  liaving 


shared  in  the  physical  doctrines  more  or  less  pre- 
vailing now,  reflecting  the  origin  and  existence  of 
organized  beings.  Should  the  titnu  come  when  my 
present  efforts  may  appear  like  fighting  ngnilist 
windmills,  I  shall  not  regret  having  spent  so  much 
labor  in  urging  my  fcllow-laljorers  in  a  right  direc- 
tion; but  at  the  same  time,  I  must  protest  now 
and  for  ever,  against  the  bigotry  spreading  in  some 
quarters,  which  would  press  upon  science,  doctrines 
not  immediately  flowing  from  scientific  premises, 
and  check  it,  free  progress. 
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as  the  preliminary  step  in  the  existence  not  only  of  nil  organized  beings,  but  of 
every  thing  in  nature,  how  natural  to  find  that  while  diversity  is  introduced  in  the 
plan,  in  the  complication  aud  the  details  of  structure  of  animals,  their  relations  to 
the  surrounding  media  are  equally  diversified,  and  consequently  the  same  functions 
may  be  performed  by  the  most  different  apparatus! 


SECTION  XVII. 

RELATIONS  OF  KCIVIUCALS  TO  ONE  AXOTIIER. 

The  relations  in  which  individuals  of  the  same  species  of  animals  stand  to  one 
another  are  not  less  determined  and  fixed  than  the  relations  of  species  to  the  sur- 
rounding elements,  which  we  have  thus  far  considered.  The  relations  which  individ- 
ual animals  bear  to  one  another  are  of  such  a  character,  that  they  ought  long  ago 
to  have  been  considered  as  proof  sufficient  that  no  organized  being  could  ever  have 
been  called  into  existence  by  another  agency  than  the  direct  intervention  of  a 
reflective  mind.  It  is  in  a  measure  conceivable  that  physical  agents  might  pro- 
duce something  like  the  body  of  the  lowest  kinds  of  animals  or  plant*,  and  that 
under  identical  circumstances  the  same  thing  may  have  been  produced  again  and 
again,  by  the  repetition  of  the  same  process;  but  that  upon  closer  analysis  of  the 
possibilities  of  the  case,  it  should  not  have  at  once  appeared  how  incongruous  the 
further  supposition  is,  that  such  agencies  could  delegate  the  power  of  reproducing 
what  they  had  just  called  into  existence,  to  those  very  beings,  with  such  limitations, 
that  they  could  never  reproduce  any  thing  but  themselves,  I  am  at  a  loss  to  under- 
stand. It  will  no  more  do  to  suppose  that  from  simpler  structures  such  a  pro- 
cess may  end  in  the  production  of  the  most  perfect,  as  every  step  implies  an 
addition  of  possibilities  not  even  included  in  the  original  case.  Such  a  delegation  of 
power  can  only  be  an  act  of  intelligence ;  while  between  the  production  of  an 
indefinite  number  of  organized  beings,  as  the  result  of  a  physical  law,  and  the  repro- 
duction of  these  same  organized  beings  by  themselves,  there  is  no  necessary  connec- 
tion. The  successive  generations  of  any  animal  or  plant  cannot  stand,  as  far  as 
their  origin  is  concerned,  in  any  causal  relation  to  physical  agents,  if  these  agents 
have  not  the  power  of  delegating  their  own  action  to  the  full  extent  to  which  they 
have  already  been  productive  in  the  first  appearance  of  these  beings ;  for  it  is  a 
physical  law  that  the  resultant  is  equal  to  the  forces  applied.  If  any  new  being 
has  ever  been  produced  by  such  agencies,  how  could  the  successive  generations 
enter,  at  the  time  of  their  birth,  into  the  same  relations  to  these  agents,  as  their 
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ancestors,  if  these  beings  had  not  in  themselves  the  faculty  of  sustaining  their  char- 
acter, in  spite  of  these  agents  ?  Why,  again,  should  animals  and  plants  at  once  begin 
to  decompose  under  the  very  influence  of  all  those  agents  which  have  been  subservi- 
eat  to  the  maintenance  of  their  life,  as  soon  as  life  ceases,  if  life  is  limited  or  deter- 
mined by  them? 

There  exist  between  individuals  of  the  same  species  relations  far  more  complicated 
than  those  already  alluded  to,  which  go  still  further  to  disprove  any  possibility  of 
causal  dependence  of  organized  beings  upon  physical  agents.  The  relations  upon 
which  the  maintenance  of  species  Ls  based,  throughout  the  animal  kingdom,  in  the 
universal  antagonism  of  sex,  and  the  infinite  diversity  of  these  connections  in  differ- 
ent types,  have  really  nothing  to  do  with  external  conditions  of  existence ;  they 
indicate  ouly  relations  of  individuals  to  individuals,  beyond  their  connections  with  the 
material  world  in  which  they  live.  How,  then,  could  these  relations  be  the  result  of 
physical  muses,  when  physical  agents  are  known  to  have  a  specific  sphere  of  action, 
in  no  way  bearing  upon  this  sphere  of  phenomena? 

For  the  most  part,  the  relations  of  individuals  to  individuals  are  unquestionably 
of  an  organic  nature,  and,  as  such  have  to  be  viewed  in  the  same  light  as  any  other 
structural  feature  ;  but  there  Ls  much,  also,  in  these  connections  that  partakes  of  a 
psychological  character,  taking  this  expression  in  the  widest  sense  of  the  word. 

When  animals  fight  with  one  another,  when  they  associate  for  a  common  purpose, 
when  they  warn  one  another  in  danger,  when  they  come  to  the  rescue  of  one 
another,  when  they  display  pain  or  joy,  they  manifest  impulses  of  the  same  kind  as 
are  considered  among  the  moral  attributes  of  man.  The  range  of  their  passions  is 
even  as  extensive  as  that  of  the  human  mind,  and  I  am  at  a  loss  to  perceive  a 
difference  of  kind  between  them,  however  much  they  may  differ  in  degree  and  in 
the  manner  in  which  they  are  expressed.  The  gradations  of  the  moral  faculties 
among  the  higher  animals  and  man  are,  moreover,  so  imperceptible,  that  to  deny  to 
the  first  a  certain  sense  of  responsibility  and  consciousness,  would  certainly  be  an 
exaggeration  of  the  difference  between  animals  and  man.  There  exists,  besides,  as 
much  individuality,  within  their  respective  capabilities,  among  auimals  as  among  men, 
as  eveiy  sportsman,  or  every  keeper  of  menageries,  or  every  farmer  and  shepherd 
can  testify  who  has  had  a  large  experience  with  wild,  or  tamed,  or  domesticated 
animals.1 

This  argues  strongly  in  favor  of  the  existence  in  every  animal  of  an  immaterial 


1  See  J.  E.  ltlblxr.Kit's  various  works  illustra- 
tive of  Game  Auimals,  which  have  appeared  under 

different  titles  in  Augsburg,  from  1729  to  1778  

GEOfinoY  St.  Hilaibe,  et  Clvikk,  (Fr.,)  Histoire 


naturelle  de*  Mammifires,  Paris,  1820-3.),  .'1  vol*, 
lot, — Lm,  (II.  ().,)  (Jeineinnulzige  Naturgesehiehte, 
Gotha,  183.5,  4  vol*.  8vo —  Hisoi.kt,  (W.,)  Animal 
lliugrnphy,  London,  1803,  3  vol*.  8vo. 
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principle  similar  to  that  which,  by  its  excellence  and  superior  endowments,  places 
man  so  much  al>ove  animals.1     Yet  the  principle  exists  unquestionably,  and  whether 


1  It  might  easily  be  shown  that  the  exaggerated 
views  generally  entertained  of  the  difference  exist- 
ing between  man  and  monkeys  are  trnceable  to  the 
ignorance  of  the  ancients  and  especially  the  Greek*, 
to  whom  we  owe  chiefly  our  intellectual  culture,  of 
the  existence  of  the  Omng-Outnng  and  the  Chim- 
panzee. The  animals  most  closely  allied  to  man 
known  to  them  were  the  Red  Monkey,  x^p<v,  the 
Baboon,  '.'  r,  , , ■ ; . .. .  and  the  Barbnry  Ape,  rtilh;xoi. 
A  modern  translation  of  Aristotle,  it  U  true,  makes 
him  say  that  monkeys  form  the  transition  between 
man  and  quadrupeds;  (Aristotei.es,  Nat  urge- 
schichte  der  Thiere,  von  Dr.  F.  S TRACK,  Frankfurt- 
am-Main,  181 C,  p.  6.r> ;)  but  the  original  says  no 
such  thing.  In  the  History  of  Animals,  Book  2, 
Chap.  V.,  we  read  only,  bin  8i  nor  Jiuo*»  imtfUfo- 
K(h'Jm  ritr  (fvniv  ito  «  urOiwm>>  tuu  totj  tttedttooir. 
There  is  a  wide  difference  between  "  partuking  of 
the  nature  of  both  man  and  the  quadrupeds,"  and 
u  forming  a  transition  between  man  and  the  quadru- 
peds." The  whole  chapter  goes  on  enumerating  the 
structural  similarity  of  the  three  monkeys  named 
above  with  man,  but  the  idea  of  n  close  affinity  is 
not  even  expressed,  and  still  less  that  of  a  transi- 
tion between  man  and  the  quadrupeds.  The  writer, 
on  the  contrary,  dwells  very  fully  upon  the  marked 
differences  they  exhibit,  and  knows  as  well  as  any 
modem  anatomist  has  ever  known,  that  monkeys  have 
four  hands.  t%n  Si  xui  pW/i'onw,  ntittQ  ar&Qttnto;, 
....  iflr'otv  Si  toiv  noSm .  tiai  jdp  oior  j/Tqh 
piya.hu.  Kai  ol  6ttxrv)M  mgHtf  oi  w3r  X"C^y<  0  f"')"1* 
paxgoTUTOi  •  kiu  to  xictod  tov  nooov  /ri,«  Oftator,  n'/.^v 
im  to  (t^xoj  to  tij  xell>°y  iti  tajaja.  riiror  xaOu- 
ntQ  Otrae.  Tovto  oe  fV  uxqov  <txh;QmrQor,  xoxcSj 
xat       (W>,-  fii/tovfuror  mfnrtp. 

It  is  strange  that  these  clear  and  precise  dis- 
tinctions should  have  been  bo  entirely  forgotten  in 
the  days  of  Linmrus  that  the  great  reformer  in 
Natural  History  had  to  confess,  in  the  year  1746, 
that  he  knew  no  character  by  which  to  distinguish 
man  from  the  monkeys.  Fauna  Suecica,  Pra-fat.  p.  2. 
"Nullum  characterem  ndhuc  eruere    potui,  unde 

9 


homo  a  simia  intemosentur."     But  it  is  not  upon 
structural  similarity  or  difference  alone  that  the  re- 
lations between  man  and  animals  have  to  be  con- 
sidered.   The  psychological  history  of  animals  shows 
that  as  man  is  related  to  animals  by  the  plan  of  his 
structure,  so  are  these  related  to  him  by  the  char- 
acter of  those  very  faculties  which  arc  so  tran- 
geendent  in  man  as  to  point  at  first  to  the  necessity 
of  disclaiming  for  him  completely  any  relationship 
with  the  animal  kingdom.     Yet  the  natural  history 
of  animals  is  by  no  means  completed  after  the  so- 
matic side  of  their  nature  has  been  thoroughly  in- 
vestigated ;  they,  too,  have  a  psychological  individ- 
uality, which,  though  less  fully  studied,  is  neverthe- 
less the  connecting  link  between  them  and  man.  I 
cannot,  therefore,  agree  with  those  authors  who  would 
disconnect  mankind  from  the  animal  kingdom,  and 
establish  a  distinct   kingdom   for  man  alone,  as 
Elirenberg  (Das  Naturreich  des  Menschcn,  Berlin, 
183,%  fol.)  and  lately  L  Geoffroy  St.  Hilaire,  (Hist, 
nat.  generate,  Paris,  1«.>6,  Tome  I,  Part  2,  p.  167,) 
have  done.     Compare,  also,  Chap.  II.,  where  it  is 
shown  for  every  kind  of  groups  of  the  unimal  kingdom 
that  the  amount  of  their  difference  one  from  the 
other  never  affords  a  sufficient  ground  for  removing 
any  of  them  into  another  category.    A  close  study 
of  the  dog  might  satisfy  every  one  of  the  similarity 
of  his  impulses  with  those  of  man,  and  those  im- 
pulses are  regulated  in  a  manner  which  discloses 
psychical  faculties  in  every  respect  of  the  same  kind 
as  those  of  man;  moreover,  he  expresses  by  his 
voice  his  emotions  and  his  feelings,  with  u  precision 
which  may  be  as  intelligible  to  man  as  the  articu- 
lated speech  of  his  fellow  men.    His  memory  is  so 
retentive  that  it  frequently  baffles  that  of  man.  And 
though  all  these  faculties  do  not  make  a  philosopher 
of  him,  they  certainly  place  him  in  tluit  respect 
upon  a  level  with  a  considerable  proportion  of  jxtor 
humanity.    The  intelligibility  of  the  voice  of  ani- 
mals to  one  another,  nud  nil  their  actions  connected 
with  such  calls  are  also  a  strong  argument  of  their 
perceptive  power,  and  of  their  ability  to  act  sjwn- 
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it  be  called  soul,  reason,  or  instinct,  it  presents  in  the  whole  range  of  organized 
beings  a  series  of  phenomena  cloudy  linked  together;  and  upon  it  are  based  not 
only  the  higher  manifestations  of  the  mind,  but  the  very  permanence  of  the  specific 
differences  which  characterize  every  organism.  Most  of  the  arguments  of  philosophy 
in  favor  of  the  immortality  of  man  apply  equally  to  the  permanency  of  this  principle 
in  other  living  beings.  May  I  not  add,  that  a  future  life,  in  which  man  should  be 
deprived  of  that  great  source  of  enjoyment  and  intellectual  and  moral  improvement 
which  result  from  the  contemplation  of  the  harmonics  of  an  organic  world,  would 
involve  a  lamentable  loss,  and  may  we  not  look  to  a  spiritual  concert  of  the  com- 
bined worlds  and  all  their  inhabitants  in  presence  of  their  Creator  as  the  highest 
conception  of  paradise? 


SECTION  XVIII. 

llETAMOItWIOSKS  OF  ANIMALS. 

The  study  of  embryology  is  of  very  recent  date;  the  naturalists  of  the  past 
century,  instead  of  investigating  the  phenomena  accompanying  the  first  formation  and 
growth  of  animals,  were  satisfied  with  vague  theories  upon  reproduction.1     It  is  true 


tnncously  and  with  logicnl  sequence  in  accordance 
with  these  perception*.  There  is  n  vast  field  open 
for  investigation  in  the  relation*  between  the  voice 
ami  t tie  actions  of  animals,  and  a  still  more  inter- 
esting subject  of  inquiry  in  the  relationship  between 
the  cycle  of  intonations  which  different  specie*  of 
animals  of  the  same  family  are  capable  of  uttering, 
which,  as  far  as  I  have  o>  yet  Wen  able  to  trace 
them,  stand  to  one  another  in  the  same  relation*  as 
the  different,  so-called,  families  of  languages  (Soile- 
OEt.,  (Fit.,)  Ueber  die  Sprachc  und  Wcisheit  dcr 
Illdier,  Heidelberg,  1808,  1  vol.  8vo.  —  IICMBOLVT, 
(W.  v.,)  Ueber  die  Kawi-Spnichc,  auf  der  Insel 
Java,  Berlin,  1836-39,  3  vol*.  4to.  Abh.  Alt.  d.  Wis- 
senseh. —  Stf.intiial,  (I!.,)  Grammalik,  Logik  und 
Psychologic,  Berlin,  1855,  1  vol.  8to.)  in  the  human 
family.  All  the  Canina  bark  :  the  howling  of  the 
wolves,  the  barking  of  the  dogs  and  foxc*,  are 
only  different  modes  of  barking,  com[>arublc  to  one 
another  in  the  same  relation  as  the  monosyllabic, 


the  agglutinating,  and  the  inflecting  Innguages.  The 
Felidte  mew  :  the  roaring  of  the  lion  is  only  ano- 
ther form  of  the  mewing  of  our  cats  and  the  other 
specie*  of  the  family.  The  Equina  neigh  or  bray : 
the  horse,  the  donkey,  the  zebra,  the  dow,  do  not  differ 
much  in  the  scale  of  their  sounds.  Our  cattle,  and  the 
different  kinds  of  wild  bulls,  have  a  similar  affinity 
in  their  intonations ;  their  lowing  differs  not  in  kind, 
but  only  in  the  mode  of  utterance.  Among  birds, 
this  is,  perhaps  t^till  more  striking.  Who  does  not 
distinguish  the  note  of  any  and  every  thrush,  or  of 
the  warblers,  the  ducks,  the  fowls,  etc.,  however  nu- 
merous their  species  may  be,  and  who  can  fail  to 
perceive  the  affinity  of  their  voices  ?  And  does 
this  not  indicate  a  similarity  also  in  their  mental 
faculties? 

1  Bl-kkox,  ((J.  L.  LeClkrc  de,)  Discours  sur 
la  nature  des  Animaux,  Geneve,  1754,  12mo.  ;  also 
in  hi*  Oeuvres  completes,  Paris,  1774-1804,  36  vol*. 
4lo. 
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the  metamorphoses  of  Insects  became  very  early  the  subject  of  most  remarkable 
observations,1  but  so  little  was  it  then  known  that  all  animals  undergo  great  changes 
from  the  first  to  the  last  stages  of  their  growth,  that  metamoq)hosis  was  considered 
a  distinguishing  character  of  Insects.  The  differences  between  Insects,  in  that 
respect,  are  however  already  so  great,  that  a  distinction  was  introduced  between 
those  which  undergo  a  complete  metamorphosis,  that  is  to  say,  which  appear  in 
three  successive  different  forms,  as  larva?,  pupa?,  and  perfect  insects,  and  those  with 
an  incomplete  metamorphosis,  or  whose  larva?  differ  little  from  the  perfect  insect 
The  range  of  these  changes  is  yet  so  limited  in  some  insects,  that  it  is  not  only 
not  greater,  but  is  even  much  smaller  than  in  many  representatives  of  other  classes. 
We  may,  therefore,  well  apply  the  term  metamorphosis  to  designate  all  the  changes 
which  animals  undergo,  in  direct  and  immediate  succession,1  during  their  growth, 
whether  these  changes  are  great  or  small,  provided  they  are  correctly  qualified  for 
each  type. 

The  study  of  embryology,  at  first  limited  to  the  investigation  of  the  changes 
which  the  chicken  undergoes  in  the  egg,  has  gradually  extended  to  every  type 
of  the  animal  kingdom;  and  so  diligent  and  thorough  has  been  the  study,  that 
the  first  author  who  ventured  upon  an  extensive  illustration  of  the  whole  field, 
C.  EL  von  Bacr,  has  already  presented  the  subject  in  such  a  clear  manner,  and 
drawn  general  conclusions  so  accurate  and  so  comprehensive,  that  all  subsequent 
researches  in  this  department  of  our  science,  may  be  considered  only  as  a  further 
development  of  the  facts  first  noticed  by  him  and  of  the  results  he  has  already 
deduced  from  them.8    It  was  he  who  laid  the  foundation  for  the  most  extensive 


1  Swammerdah,  (J..)  Biblin  Xntune,  sive  His- 
toria  Tnsectonim,  etc.,  Lugduni-Bntavorum,  1787— 38, 
3  vol*,  fol.  fig. —  Reaumur,  (R.  Ant.  or.,)  Memoires 
pour  cervir  h  l'Histoire  des  Inseete*.  Paris,  1734-42, 
6  vol.  4to.  fig.  —  Bonn  von  Rosenuof,  (A.  J.,) 
Insectenbelusligungen,  NUrnberg,  1746-61,  4  vol*. 
4to.  fig. 

*  I  say  purposely,  "  in  direct  and  immediate  suc- 
cession," as  the  phenomena  of  Alternate  generation 
are  not  included  in  metamorphosis,  and  consist  chiefly 
in  tl»c  production  of  new  genu*,  which  have  their 
own  metamorphosis ;  while  metamorphosis  proper 
relates  only  to  the  successive  changes  of  one  and 
the  same  germ. 

*  Without  referring  to  tho  works  of  older  writers, 
such  ft*  DeGraaf,  Molpighi,  llallcr,  Wolf,  Meckel, 
Tiedemann,  etc.,  which  aro  all  enumerated  with  many 


others  in  Bischoff's  article  » Entwiekelungsges- 
chichte,"  in  Wagner's  Handwiirterbuch  der  Physio- 
logie,  vol.  1,  p.  860,  I  shall  mention  hereafter,  chiefly 
those  published  since,  under  the  influence  of  I*illin- 
ger,  this  branch  of  science  has  assumed  a  new  char- 
acter:—  Baer,  (C.  E.  v.,)  Ueber  Entwiekelungs- 
geschichte  der  Thiere,  Konigsbcrg,  1828-37,  2  vols. 
4to.  fig.  Tho  most  important  work  yet  published. 
Hie  preface  is  a  model  of  candor  and  truthfulness, 
and  sets  the  merits  of  Dollinger  in  a  true  and  beauti- 
ful light.  As  text-books,  I  would  quote,  Birdach, 
(C.  F.,)  Die  Physiologic  als  Erfahrungswissenschnft, 
Leipzig,  1820-40,  6  vols.  8vo.  j  French,  Paris, 
1837-41,  9  vols.  8vo.-MitLl.ER,  (J.,)  Handbuch  der 
Physiologic  des  Menschen,  Coblenz,  1843,  2  vols.  8vo. 
4th  edit. ;  Engl,  by  W.  Baly,  London,  1837,  8vo. 
—  Waoner,  (R.,)  Lchrbuch  der  Physiologic,  Leip- 
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generalizations  respecting  the  mode  of  formation  of  animals;  for  be  first  discovered, 
in  1827,  the  ovarian  egg  of  Mammalia,  and  thus  showed  for  the  first  time,  that 
there  is  no  essential  difference  in  the  mode  of  reproduction  of  the  so-called  vivip- 
arous and  oviparous  animals,  and  that  man  himself  is  developed  in  the  same  manner 
as  the  animals.  The  universal  presence  of  eggs  in  all  animals  and  the  unity  of  their 
structure,  which  was  soon  afterwards  fully  ascertained,  constitute,  in  my  opinion,  the 
greatest  discoveiy  of  mode™  times  in  the  natural  sciences.1 

It  was,  indeed,  a  gigantic  step  to  demonstrate  such  an  identity  in  the  material 
basis  of  the  development  of  all  animals,  when  their  anatomical  structure  was  already 
known  to  exhibit  such  radically  different  plans  in  their  full-grown  state.  From  that 
time  a  more  and  more  extensive  investigation  of  the  maimer  in  which  the  first 
germ  is  formed  in  these  eggs,  and  the  embryo  develops  itself;  how  ita  organs 
grow  gradually  out  of  a  homogeneous  moss;  what  changes,  whut  complications,  what 
connections,  what  functions  they  exhibit  at  every  stage;  how  in  the  end  the  young 
animal  assumes  its  final  form  and  structure,  and  becomes  a  new,  independent  beiug, 
could  not  fail  to  l>e  the  most  interesting  subject  of  inquiry.  To  ascertain  all  this, 
in  as  many  animals  as  possible,  belonging  to  the  most  different  types  of  the  animal 
kingdom,  became  soon  the  principal  aim  of  all  embryological  investigations;  and  it 
can  truly  be  said,  that  few  sciences  have  advanced  with  such  astonishing  rapidity, 
and  led  to  more  satisfactory  results. 

For  the  actual  phases  of  the  mode  of  development  of  the  different  types  of  the 
animal  kingdom,  I  must  refer  to  the  special  works  upon  this  subject*  no  general 


zip:.  1839-42,  2  vol.*.  8vo.  —  Valkxtin,  (G..)  Hand- 
buch  <ler  Entwickelungsgeschichte,  etc.,  Berlin.  1835, 
1  vol.  8vo.  —  Lehrhuch  cler  Physiologic  des  Men- 
schen,  Braunschweig,  1843,  2  vol*.  8vo.  —  Longkt, 
(F.  A,)  Traite-  dc  Physiologic,  Paris,  1850,  2  vol* 
ftvo. —  KdtXlEBR,  (Al»-i)  Microscupischc  Anatomic 
dcs  Menschen,  Leipzig,  1840-54,  2  vols.  8vo.  fig.  — 
See  also  Owkn's  Lectures,  etc.,  Siebold  und  Stan- 
KtCt't  Lehrbuch,  and  Carls's  Morphologic,  q.  a. 
j».  2",  and  p.  18.  1  might  further  quote  almost  every 
modern  text-book  on  physiology,  but  most  of  them 
arc  so  evidently  mere  compilations,  exhibiting  no 
acquuinliuiee  with  the  subject,  that  I  omit  purposely 
to  mention  any  other  elementary  works. 

1  Baeu,  (C.  K.  a,)  De  Ovi  Mamnmlium  et 
HominU  Genesi,  Konig-berg,  1827,  4to..  fig. — 
PURKTKJK,  (J.  K.)  Symbolic  ad  ovi  avium  hisioriain 
ante  incubationcm,  Lipsise,  1830,  4to.  fig.  —  Wao- 


XEK,  (R-.)  Prodromus  Hi.-toriic  generations  Hominis 
atque  Animnliura,  etc-,  Lipsi;e,  1836,  1  vol.,  fob,  fig. 
—  Iconeg  physiologies',  Lipsia',  1839,  4to.  fig. 

1  Tlie  limited  attention,  thus  far  paid  in  thu 
eouutry  to  the  study  of  Embryology,  has  induced 
me  to  enumerate  more  fully  the  works  relating  to 
this  branch  of  science,  than  any  others,  in  the  hope 
of  stimubtting  investigations  in  that  direction.  There 
exist  upon  this  continent  a  numlicr  of  types  of  ani- 
mals, the  embryological  illustration  of  which  would 
add  immensely  to  the  slock  of  our  science ;  such 
are  the  Opossum,  the  Ichthyoid  Katrachians,  the 
Lcpidostcus,  the  Amia,  etc.,  not  to  speak  of  the 
op|Mirtunities  which  thousands  of  miles  of  sea-coast, 
everywhere  easily  accessible,  afford  for  embryologi- 
cal investigations,  from  the  borders  of  the  Arctics 
to  the  Tropics.  In  connection  with  Embryology 
the  question  of  Individuality  comes  up  naturally. 
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treatise  embracing  the  most  recent  investigations  having  as  yet  been  published ;  and 
I  must  take  it  for  granted,  that  before  forming  a  definite  opinion  upon  the  com- 
parisons instituted  hereafter  between  the  growth  of  animals,  and  the  structural  grada- 
tion among  full-grown  animals,  or  the  order  of  succession  of  the  fossils  characteristic 
of  different  geological  periods,  the  necessary  information  respecting  these  changes  has 
been  gathered  by  my  readers,  and  sufficiently  mastered  to  enable  them  to  deal  with 
it  freely. 

The  embryology  of  Polypi  has  been  very  little  studied  thus  far;  what  we  know 
of  the  embryonic  growth  of  these  animals  relates  chiefly  to  the  family  of  Actinoids.1 
When  the  young  is  hatched,  it  has  the  form  of  a  little  club-shaped  or  pear-shaped 
body,  which  soon  assumes  the  appearance  of  the  adidt,  from  which  it  differs  only  by 
having  few  tentacles.  The  mode  of  ramification  and  the  multiplication  by  buds 
have,  however,  been  carefully  and  minutely  studied  in  all  the  families  of  this  class* 
Acalephs  present  phenomena  so  peculiar,  that  they  are  discussed  hereafter  in  a 
special  section.    Their  young*  are  either  polyplike  or  resemble  more  immediately 


See  upon  this  subject: — Leuckart,  (Run.,)  Uebcr 
den  Polymorphismus  der  Individuen  oiler  die 
Erscheinung  der  Arbeitstheilnng  in  der  Nnlur, 
Giessen,  1851,  4to. —  Reichekt,  (C.  H.,)  Die  mono- 
gene  Fortpflanzung,  Dorpat,  1852.  —  Huxley,  (Th. 
H„)  Upon  Animal  Individuality,  Ann.  and  Mag. 
Nat.  Hist.  2d  w»rM  1852,  vol.  9,  p.  507.— Forbes, 
(En.,)  On  the  supposed  Analogy  between  the  Life 
of  an  Individual  and  the  Duration  of  a  Specie*,  Ann. 
and  Mag.  Nat.  Hist,  2d  ser.,  1852,  vol.  10,  p.  59. 

—  Braux,  (Al.,)  Das  Individuum  der  Pflanze,  q.  a. 

—  Betrachtungen  iiber  die  Erscheinung  der  Ver- 
jUngung  in  der  Xatur,  Freibnrg.  18 19,  4to.  fig. 

1  Sara,  (M,)  Beskrivelser  og  Jagttagelftcr  over 
nngle  maerkelige  eller  nye  i  Ilavet  red  den  Ber- 
genskc  Kyst  levendc  Dyr,  etc.,  Bergen,  1835,  4  to. 

—  Fauna  littornlis  Norvcgia»,  Christiania,  1846,  foL 
fig. —  Ratiike,  (II.,)  in  Burdach's  Physiologic,  voL 
2d,  2d  edit.  p.  215.  —  Zur  Morphologic,  Reisebetner- 
kungen  aus  Taurien,  Riga  und  Leipzig,  1837,  4tCk, 
fig.  — Aoassie,  (L..)  Twelve  Lectures,  etc.,  p.  40, 
et  s<h|. 

•  See  Dana's  Zoophytes,  and  Mjlne-Epwards 
et  Haime,  Recherche*,  etc.,  q.  a.  p.  31,  note  2. 

*  SiEBotn,  (C.  Th.  E.  v..)  Beitrage  zur  Natur- 
gesehichte  der  wirbellosen  Thiere,  Dantzig,  1839, 


4to.  p.  29. —  Loven,  (S.  L.)  Beitrng  zur  Kenntuiss 
der  Gattungen  Catnpanularin  und  Syneoryne,  Wiegm. 
Arch.,  1837,  p.  249  and  321  ;  French  Ann.  Sc.  n. 
2de  sen,  to).  15,  p.  157.  —  Sars,  (M.,)  Beskrivelser, 
q.  a.  —  Fauna  littoralis,  q.  a.  —  Nordmanx,  (At.,  v.,) 
Sur  let  changemcnts  que  l'age  apporte  dans  la 
manii're  d'etre  des  Canipanulaircs,  Oomptes-Rendus, 
1834,  p.  709.  —  Stern-strip,  (J.,)  Ueber  den  Gene- 
rations-Wechscl  oder  die  Fortpflanzung  und  Ent- 
wickelung  durch  abwechselndc  Generntionen,  Uebcrs, 
von  Lqkexzk.n,  Kopenh.  1842,  8vo.,  fig.;  Engl, 
by  G.  Bvsk,  (Ray  Society.)  London,  1845,  8vo.— 
VaxBkkepen,  (P.  J.,)  Mcmoire  sur  les  Campanu- 
lairea  de  la  cote  d'Ostcnde,  etc,  Mem.  Ac.  Brux. 

1843,  vol.  17,  4to.  fig.  —  Recherches  sur  l'Embry- 
ogeuie  de*  Tubulaires,  etc.,  Mem.  Ac.  Bnix.  1844, 
4to.  fig.  —  Dijardin,  (Fel.,)  Obs<TVBtions  sur  un 
nouveau  genre  de  Mcdusaires  (Cladonema,)  pro- 
venant  de  la  metamorphose  des  Syneoryne*,  Ann.  Sc. 
n.  2de  sen  1843,  vol.  20,  p.  370.  —  Memoirc  sur  le 
dcveloppement  des  Mcdusaircs  et  des  Polypes 
Hydraires,  Ann.  Sc.  n.  3e  sen,  1845,  vol.  4,  p.  257. 
—WILL,  (J.  G.  Fit.,)  Hone  tergestinse,  Leipzig, 

1844,  4to.  fig.  — Fret,  (II.,)  und  Leuokart,  (R.,) 
Beitrage  zur  Kcnntuiss  wirltclloser  Thiere,  Braun- 
schweig, 1847,  4to.  fig.  —  Dalveli.,  (Sir  J.  G.,)  Rare 
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the  type  of  their  class.  Few  multiply  in  a  direct,  progressive  development  As  to 
Echiuoderms,  they  have  for  a  long  time  almost  entirely  escaped  the  attention  of 
Einbryologists,  but  lately  J.  Muller  has  published  a  series  of  most  important  investi- 
gations upon  this  class,1  disclosing  a  wonderful  diversity  in  the  mode  of  their  develop- 


atid  Remarkable  Animals  of  Scotland,  etc,  London, 
1847.  2  vols.  4to.  fig.  —  Forbes,  (Ed.,)  Monograph 
of  the  BritUh  Naked-eyed  Medusa-,  London,  1847, 
1  vol.  fol.  fig.  (Ray  Society.)  —  On  the  Morphology 
of  the  Reproductive-  System  of  Sertulnrian  Zoophytes, 
etc.,  Ann.  and  Mag.  Nat.  Hist.,  1844,  vol.  14,  p.  385. 
—  Auassiz,  (L.,)  Twelve  Lectures,  etc,  q.  n. — 
Dksok,  (Ed.,)  Lettre  sur  la  generation  medusipnre 
des  Polypes  Hydrnires,  Ann.  Sc.  Nat.,  8e  sex,  1849, 
vol.  12,  p.  204. —  Khohn,  (A.,)  Bemerkungcn  Uber 
die  Geschleehtsverhiiltnisse  der  Sertularinen,  Mul- 
let's Arch.,  1848,  p.  174.  —  Leber  die  Brut  des 
Cladonema  radiatum  und  deren  Entwickelung  zum 
Stnuridium,  Muller's  Arch,  1853,  P-  420 — Ueber 
l'odocoryne  caraea  Sara  uud  die  Fortpflanzungsweise 
ihrer  medusenartigen   Sprosslinge,  Wiegro.  Arch, 

1851,  I.,  p.  263  Leber  einigc  niedere  Thiere, 

Muller's  Arch.,  1853,  p.  137.  — Leber  die  frUhesten 
Entwiekelungsstufen  dcr  Felagia  noetiluea,  Muller's 
Arch.,  1855,  p.  491.  —  Kollikek,  (A,)  Die  Sehwimm- 
polypen,  etc,  q.  a. —  Btscii,  (W.,)  Beobachtungen 
Uber  Anatomic  und  Entwickelungsgcschichte  einiger 
wirbelloscr  Seethiere,  Berlin,  1851,  4tc,  fig.  pp.  1, 
25  and  30.  —  (inuKMiAi  KK,  Kolliker  und  MLx- 
I.ku,  Bcricht  uber  einige  im  Ilerbstu  1852  in  Messina 
ongestellte  analomische  Lntersuchungen,  Zeitseh.  f. 
wiss.  Zool,  vol.  4,  p.  299.—  Gbgenbaver,  (C,) 
Leber  die  Entwickelung  von  Doliolum,  der  Schci- 
benquallen  und  von  Sngitta,  Zeitseh.  f.  wiss.  Zool, 
1853,  p.  13.  —  Be  it  rage  zur  ntihern  Kenntniss  der 
Schwunmpolypcn  (Siphonophoren,)  Zeitseh.  f.  wiss. 
Zool.,  1853,  vol.  5,  p.  285.  —  Leber  Diphyes  turgida, 

etc.,  Zeitseh.  f.  wiss.  Zool,  1853,  vol.  5,  p.  442  

Leber  den  Enlwickelungscyclus  von  Doliolum,  etc., 
Zeitseh.  f.  wiss.  Zool,  1855,  voL  7,  p.  283.— 
Frantzics,  (Al.  v,)  Leber  die  .Tungen  der  Ccphca, 
Zeitseh.  f.  wiss.  Zool,  voL  4,  p.  118.  —  MUllkr,  (.1.,) 
Leber  eine  eigenthUmliche  Meduse  des  Mittclmceres 
und  ihren  Jugendzustand,  Muller's  Arch.,  1851,  p.  272. 


—  Scni  LTZE,  (M.)  Leber  die  niiinnliehen  Gcschle- 
chtsthcile  der  Campanularia  geniculate  Muller's 
Arch,  1850,  p.  53.  —  Hiscks,  (Tn,)  Notes  on  the 
Reproduction  of  the  Campanulariada-,  etc.,  Ann.  and 
Mag.  Nat.  Hist,  2d  ser,  1852,  vol.  10,  p.  81.  —  Fur- 
ther Notes  on  British  Zoophytes,  Ann.  and  Mag.  Nat. 
Hist.,  1853,  vol.  15,  p.  127.  —  Ali.max,  (G.  J,)  On 
Hydroids,  Rep.  Brit.  Ass.  Adv.  Sc.,  1852,  p.  50.— 
Derbes,  (A,)  Note  sur  les  organes  reproducteurs  et 
l'embryogenie  du  Cyanea  chrysnora,  Ann.  Sc.  Nut, 
8e  ser,  1850,  voL  13,  p.  877.  — Voot,  (C,)  Leber 
die  Siphonophoren,  Zeitseh.  f.  wiss.  Zool,  1852, 
vol.  3,  p.  522.  —  HrxLKV,  (Ttt.  H,)  On  the  Anat- 
omy and  Affinities  of  the  Family  of  the  Medusa?, 
Philos.  Trans.  Roy.  Soe,  1849,  II,  p.  413.  — An 
Account  of  Researches  into  the  Anatomy  of  the 
Hydrostatic  Acalephai,  Proc.  Brit.  Ass.  Adv.  Sc., 
1851,  p.  78.  — Leickarkt,  (R,)  Zoologische  Lnter- 
suchungen, Giessen,  1853-54,  4to.  fig.  1st  Fasc  — 
Zur  niihern  Kenntniss  der  Siphonophoren  von  Nizza, 
Wiegm.  Arch,  1854,  p.  249.  —  Stijipsox,  (W,) 
Synopsis  of  the  Marine  Invertebrata  of  Grand  Manan. 
Smithson.  Contrib,  1853,  4to.  fig.  —  Leidv,  (Jos,) 
Contributions  towards  a  Knowledge  of  the  Marine 
Invertebrate  Fauna,  etc,  Journ.  Acad.  Nat.  Sc., 
Philad,  2d  ser.  1855,  vol.  8,  4to.  fig.  — See  also 
below,  Sect.  20. 

*  Beskrivelser,  etc.,  p.  87.— Ueber  die  Ent- 
wickelung der  Seestcrne,  Wiegui.  Arch,  1844,  I, 
p.  1C9,  fig.  —  Fauna  littoralis,  etc,  p.  47.  —  Muller, 
(J,)  Leber  die  Larvcn  u.  die  Metamorphose  der 
Ophiuren  u.  Seeigel,  Akad.  d.  Wiss,  Berlin,  1848.— 
Leber  die  Larven  u.  die  Metamorphose  der  Echino- 
dermen,  2te  Abh,  Ak.  d.  Wiss.,  Berlin,  1849.— 
Leber  die  Larven  u.  die  Metamorphose  der  Holo- 
thurien  u.  Asterien,  Ak.  d.  Wiss,  Berlin,  1850.— 
Leber  die  Lcirvcn  u.  die  Metamorphose  der  Echino- 
dcrmcn,  4te  Abh,  Ak.  d.  Wiss.,  Berlin,  1852.— 
Leber  die  Ophiurenlarveu  des  Adriatischcn  Meeres, 
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mcnt,  not  only  in  the  different  orders  of  the  class,  but  even  in  different  genera 
of  the  same  family.  The  luroe  of  many  have  a  close  resemblance  to  diminutive 
Ctenophonc,  and  may  be  homologized  with  this  type  of  Acalephs. 

As  I  shall  hereafter  refer  frequently  to  the  leading  divisions  of  the  animid  king- 
dom, I  ought  to'  state  here,  that  I  do  not  adopt  some  of  the  changes  which  have 
been  proposed  lately  in  the  limitation  of  the  classes,  and  which  seem  to  have  been 
pretty  generally  received  with  favor.  The  undivided  type  of  Kadiata  appears  to 
me  aa  one  of  the  mast  natural  branches  of  the  animal  kingdom,  and  I  consider 
its  subdivision  into  Coelenterata  and  Echinodennata,  as  an  exaggeration  of  the  ana- 
tomical differences  observed  between  them.  As  far  as  the  plain  of  their  structure 
iH  concerned,  they  do  not  differ  at  all,  and  that  structure  is  throughout  homologi- 
cal.  In  this  branch  I  recognize  only  three  classes,  Pofyjri,  Acalephw,  and  Echiwjder- 
mnla.  The  chief  difference  between  the  two  first  lies  in  the  radiating  partitions  of 
the  main  cavity  of  the  Polypi,  supporting  the  reproductive  organs;  moreover,  the 
digestive  cavity  in  this  class  consists  of  an  inward  fold  of  the  upper  aperture  of 
the  common  sac  of  the  body,  while  in  Acalephs  there  exist  radiating  tubes,  at  least 
in  the  proles  medttsina,  which  extend  to  the  margin  of  the  body  where  they  anas- 
tomoze,  and  the  digestive  cavity  is  hollowed  out  of  the  gelatinous  mass  of  the 
body.  This  is  equally  true  of  the  Hydroids,  the  Medusae  proper,  and  the  Cteno- 
phorae ;  but  nothing  of  the  kind  is  observed  among  Polypi.  Siphonophorae,  whether 
their  proles  niedusitut  becomes  free  or  not,  and  Hydroids  agree  in  having,  in  the  proles 
Medu»iiia,  simple  radiating  tubes,  uniting  into  a  single  circular  tube  around  the  mar- 
gin of  the  bell-shaped  disk.  These  two  groups,  constitute  together,  one  natural 
order,  in  contradistinction  from  the  Covered-eyed  Medusae,  whose  radiating  tubes 
ramify  towards  the  margin  and  form  a  complicated  net  of  anastomoses.  Morpho- 
logically, the  proles  poli/jmdea  of  the  Acalephs,  is  as  completely  an  Acaleph,  as  their 


Ak.  &  Wiss,  Berlin,  1852.  —  Ueber  den  allge- 
roeinen  Plan  in  tier  Entwickelung  der  Eebiuodortnen, 
Ak.  d.  Wis*.,  Berlin,  1853.  —  Ueber  die  Gattungen 
der  Seeigellarven,  7te  AMi,  Ak.  d.  Wi**,  1855.— 
L'eber  den  Cunal  in  den  Eiern  der  Ilolothuricn, 
MUller'a  Arch,  1854,  p.  CO.  — French  abstracts  of 
tlicse  paper*  may  be  found  in  Ann.  Sc.  Nat.,  Se 
air.,  1852  and  '53,  vol*.  17,  19,  and  20;  An  English 
account  is  published  by  Hr.xi.EV,  (Til.  II.,)  Re]K>rt 
upon  the  Besearehe*  of  1'rof.  Miillcr  into  the  Anat- 
omy and  Development  of  the  Echinoderms,  Ann.  and 
Slag.  Nat.  Hist,  2d  MR,  vol.  8,  1851,  p.  1.  —  Korkx 
und  Da nielssen  in  Nyt  Magazin  for  Naturvid,  vol.  5, 
p.  253,  Cbrisliania,  1847  ;  Ann.  Sc.  Nat-  1847,  p.  347. 


—  Acassiz,  (L.,)  Twelve  Lectures,  etc.,  p.  13. — 
Derues,  (A.,)  Sur  la  formation  dc  lembryon  chrz 
l'oursin  comestible,  Ann.  Sc.  Nat,  3e  »5r,  vol.  8, 
p.  80.  —  Busu,  (W,)  Beobachtuiigen,  etc..  q.  a.— 
Ueber  die  Larve  der  C<imatubi,  Midler's  Arch.  1810, 
p.  400. —  Kkoii.v,  (A,)  Ueber  die  Entwickelung  der 
Scestcme  und  Holoihnrien,  Miillcr's  Arch,  1853, 
p.  31".  —  Ueber  die  Entwickelung  einer  lebendig 
gebiihrenden  Ophiure,  Midler's  Arch.,  1851,  p.  338. 

—  Uelwr  die  Larve  des  Echinus  brevispinosus,  Mid- 
ler's Arch,  1853,  p.  361.  —  Boobaehtungcn  ttbor 
Echinodermenlarven,  Mliller'*  Arch,  1854,  p.  208. — 
Scilfi-TZE,  (M,)  l'eber  die  Entwickelung  von  Ophio- 
lepis  squamata,  Midler's  Arch,  1852,  p.  37. 
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prok*  medminaf  and  whether  they  separate  or  remain  connected,  their  structural 
relations  are  everywhere  the  same.  A  comparison  of  Hydractiuia,  which  is  the 
most  common  and  the  most  polymorphous  Hydroid,  with  our  common  Portuguese 
Man-of-War  (Physalia,)  may  at  once  show  the  homology  of  their  most  polymorphous 
individuals. 

The  embryology  of  Mollusks  has  been  very  extensively  investigated,  and  some 
types  of  this  branch  are  among  the  very  best  known  in  the  animal  kingdom.  The 
natural  limits  of  the  branch  itself  appear,  however,  somewhat  doubtful.  I  hold  that 
it  must  include  the  Biyozoa,*  which  lead  gradually  through  the  Brachiopods8  and 
Tunicata  to  the  ordinary  Acephala,  and  I  would  add,  that  I  have  satisfied  myself 
of  the  propriety  of  uniting  the  Vorticellidae  with  Bryozoo.  On  the  other  hand,  the 
Cephalopods  can  never  be  separated  from  the  Mollusks  proper,  as  a  distinct  branch ; 
the  partial  segmentation  of  their  yolk  no  more  affords  a  ground  for  their  separation, 
than  the  total  segmentation  of  the  yolk  of  Mammalia  would  justify  their  separation 
from  the  other  Yertebrata.  Moreover,  Cephalopods  are  in  all  the  details  of  their 
structure  homologous  with  the  other  Mollusks.  The  Tunicata  are  particularly  inter- 
esting, inasmuch  as  the  simple  Ascidians  have  pedunculated  young,  which  exhibit  the 
mast  striking  resemblance  to  Boltenia,  and  form,  at  the  same  time,  a  connecting  link 
with  the  compound  Ascidians.4    The  development  of  the  Lnmcllibranchiata  seems  to 


1  I  shall  show  tliis  fully  in  my  second  volume. 
Meanwhile,  see  my  p«|>cr  on  the  structure  and 
homologies  of  Radium,  q.  a.,  p.  20. 

•  Allmax,  (G.  J..)  On  the  Present  State  of  our 
Knowledge  of  the  Fresh  Water  Polyzoa,  Proc.  Brit. 
Asso.  Adv.  Se„  20th  Meet.,  Edinburgh,  1850,  p.  305. 
—  Proc.  Irish  Ac.  1850,  vol.  4,  p.  470.  —  Ibid.,  1853, 
voL  5,  p.  11.  —  VaxBexeden,  (P.  J..)  ltccherchcs 
sur  T Anatomic,  la  physiologic  et  le  dcveloppement 
des  Bryozoaires  qui  habitent  la  cole  d'Oetcude,  Nouv. 
Mem.  Ac.  Brux.,  1845,  vol.  18. —  Dcmootier,  (B.  C.,) 
et  VaxBe.nedex,  (P.  J.,)  Histoire  naturellc  des 
Polypes  composes  d'eau  douce,  Mem,  Ac  Brux., 
1850,  vol.  16,  4to.  fig.  — IIixcks,  (Tu.,)  Note*  on 
British  Zoophiles,  with  Descriptions  of  some  New 
Species,  Ann.  and  Mag.  Nat.  llist.,  2d  ser.,  1851, 
vol  8,  p.  353.  —  Euhenberg,  (C.  G„)  Die  Infu- 
gionsthiere  ala  vollkommene  Organismcn,  Leipzig, 
1838,  2  vols.  fol.  fig.  — Stein,  Infusionsthicre 
auf  ihre  Entwickclungsgeaehichte  untersuchl,  Leip- 
zig, 1854,  1  vol.  4to.  fig.  —  Fhantzius,  (Al.  v.,) 


Analccta  ad  Ophrydii  versatilis  hisloriam  naturalem, 
Vratblav,  184'J.  —  Laciimaxx,  (C.  F.  J.,)  Ueber  die 
Organization  der  Iufusorien,  besonders  der  Vorticel- 
lcn,  Muller's  Arch.,  1856,  p.  310.  Having  satisfied 
myself  that  the  Vortieellidse  are  Bryozoa,  I  would 
also  refer  here  to  all  the  works  on  Infusoria  in  which 

1  I  see  from  a  short  remark  of  Leuckart,  Zeitsch. 
f.  wis*.  Zool.,  vol.  7,  suppi,  p.  115,  that  he  has  also 
perceived  the  close  relationship  which  exists  between 
Brachiopods  and  Bryozoa. 

*  Saviont,  (J.  C.,)  Memoires  sur  lea  Anim.  sans 
Vertcbres,  etc.  q.  a.  —  Chamisso,  (Ad.  a.,)  De 
onimalibus  quibusdam  e  classe  Vcrmium  Linna-ana, 
Fasc.  1,  De  Salpn,  Berol,  1819,  4to.,  fig.  — Mkyex, 
(F.  J.,)  Beitruge  zur  Zoologic,  etc.,  1st  Abth.,  iiber 
Salpen,  Nov.  Act.  Nat.  Cur.  1832,  voL  16.— 
Edwards,  (II.  Milne,)  Observations  sur  les  Asci- 
dics  corajiosees  des  cotes  de  la  Mancho,  Paris,  1811, 
4to,  fig.  — Sabs,  (M.,)  Beskrivelser,  q.  a.— Fauna 
litt,  q.  a.  — VaxBkxedkx,  (P.  J.,)  Recherche*  sur 
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be  very  uniform,  but  they  differ  greutly  as  to  their  breeding,  many  laying  their 
eggs  before  the  germ  is  formed,  whilst  others  carry  them  in  their  gills  until  the 
young  are  entirely  formed.1  This  is  observed  particularly  among  the  Unios,  some  of 
which,  however,  lay  their  eggs  very  early,  while  others  carry  them  for  a  longer 
or  shorter  time,  in  a  special  pouch  of  the  outer  gill,  which  presents  the  most  divers^ 
fied  forms  in  different  genera  of  this  family.  Nothing  is  as  yet  known  of  the 
development  of  Brachiopods.     The  Gasteropods1  exhibit  a  much  greater  diversity 


lVmbryogenie,  I'anatomie  ct  la  physiologic  des  Asci- 
tes simples,  Mem.  Ar.  Unix.,  1847,  vol.  20.— 
Krohx,  (A.,)  Ueber  die  Entwickelung  der  Ascidien, 
Muller1*  Arch.,  1852,  p.  312 —  Kolliker,  (A,) 
«  Liiwio,  De  la  composition  ct  dc  la  structure 
des  envcloppes  des  Tuniciers,  Ann.  Sc.  Nat  8e  ser., 
vol.  5,  p.  103.—  Huxt.F.r,  (Tn.  IL.)  Observations 
upon  the  Anatomy  and  Physiology  of  Snlpn  and 
Pyrosoma.  Philo*.  Trans.  R.  Soc,  1851,  II.,  p.  507. 
—  EscilRieitT,  (D.  F.,)  Atialomisk-physiologiske 
Undereugelser  over  Salperne,  Kiob.  1840,  fig. — 
Steexstrcp,  (J,)  Ucbcr  den  Generationswechsel, 
q.  a.  —  Vogt,  (C)  Bilder  aus  dem  Thierleben, 
Frankfurt  a.  M..  1852,  8vo.  —  Muller,  (H.,)  Ueber 
Salpcn,  Zcitsch.  f.,  wis*,  Zool.,  voL  4,  p.  829. — 
Lkcckabt,  (R-,)  Zoologishc  Untersuchungen,  Gica- 
sen,  1853-54,  4to,  fig.,  2d  Fuse. 

*  Carcs,  (C.  G,)  Entwickelungsgcschichte  unse- 
rer  Flussmuschel,  Leipzig,  1832,  4to,  fig. —  Qcatre- 
fages,  (Arm.  de,)  Sur  rerabryogenic  des  TareU, 
Ann-  Sc.  Nat,  3c  ser,  1849,  vol.  2,  p.  202.  — Sur 
la  vie  interbranchialc  de*  petite*  Anodontes,  Ann.  Sc. 
Nat,  2de  ser.,  voL  5,  p.  321.  —  Lovex,  (S.  L.,)  Om 
Utvecklingen  of  Mollusra  Accphnla,  Overs.  Vet 
Akad.  Forhandl.  Stockholm,  1849.  — Germ.  Mullcr's 
Arch.,  1848,  p.  531,  and  Wicgman's  Arch.,  1849, 
p.  312.  —  Pbevoht,  (J.  L.,)  De  la  generation  choz  la 
moulc  des  pcintres,  Mem.  Soc.  Phys.  Geneve,  1825, 

vol.  3,  p.  121  Sciimidt,  (O.,)  Ucbcr  die  Entwicke- 

lung  von  Cyclns  ealyculata  Drap.  Mailer's  Arch., 

1854,  p.  428  Lf.tdio,  (F,)  Ueber  Cychw  cornea, 

Mullcr's  Arch.,  1855,  p.  47. 

1  Cabus,  (C.  G.,)  Von  den  aussern  Lebenabe- 
dingnngen  der  weiss-  und  kaltblUtigen  Thiere,  Leip- 
zig, 1824,  4to.,  fig.  — Prevost,  (J.  L,)  De  la 
generation    chez    le  Lymnee,  Mem.   Soc  Phys., 

10 


Geneve,  vol.  5,  p.  119.  —  Sabs,  (M.,)  Zur  Entwicke- 
lungsgcschichte der  Mollusken  und  Zoophyten. 
Wiegm.  Arch,  1837,  L,  p.  402;  1840,  I.,  p.  196.— 
Zusiitze  in  der  von  mir  gegebenen  DartHellung 
der  Entwickelung  der  Nudibranehien.  Wiegm.  Arch. 

1845,  1,  p.  4  Quatrefages,  (Arm.  de,)  Memoire 

eur  l'Embryogcnie  des  Planorbcs  et  dcs  Lymnees, 
Ann.  Sc.  Nat,  2de  ser,  vol.  2,  p.  107.  —  VaxBexf.- 
dex,  (P.  J.,)  Recherche*  sur  le  developpement  des 
Aplysies,  Ann.  Sc.  Nat,  2dc  per.,  vol.  15,  p.  123. — 
VanBf.xedex,  (P.  J.,)  et  Wikdisciibax,  (Ch.,) 
Recherchcs  sur  l'Einbryogcmc  des  Limaces,  Mem. 
Ac  Brux,  1841.  —  Jacqcemix,  (Em,)  Sur  le 
developpement  des  Planorbes,  Ann.  Sc.  Nat,  vol.  5. 

p.  117;  Nov.  Act  Nat.  Cur.,  voL  18  Dlmor- 

TIEB,  (B.  C,)  Memoire  sur  les  evolutions  de 
l'ctnbryon  dans  les  Molluscpies  Gasteropodes,  Mem. 
Ac  Brux,  1836,  vol.  10.  —  Laurent,  (J.  L.  M..) 
Observations  sur  le  developpement  dc  l'oeuf  des 
Limaces,  Ann.  Sc.  Nat.,  voL  4,  p.  248.  —  Pocchet. 
(F.  A.,)  Sur  le  developpement  de  l'embryon  des 
Lymnees,  Ann.  Sc.  Nat.,  2dc  ser.,  voL  10,  p.  63. — 
Vogt,  (C.,)  Recherchcs  sur  l'Embryologie  de  l'Ac- 
ta-on,  Ann.  Sc.  Nat,  3c  ser,  1846,  vol.  6,  p.  5. — 
Beitrag  zur  Entwickelungsgcschichte  eines  Cepha- 
lophoren,  Zcitsch.  f.  wiss.  Zool,  1855.  vol.  7,  p.  162. 

—  Schvltze,  (M.,)  Ueber  die  Entwickelung  des 
Tergipes  lacinulatus,  Wiegm.  Arch,  1849,  I.,  p.  268. 

—  Warxece,  (N.  A.,)  Ueber  die  Bildung  und 
Entwickelung  den  Embryo  bei  Gasteropoden,  Bull- 
Soc  Imp.,  Moscon,  1850,  vol.  23,  I,  p.  90.— 
Schmidt,  (O.,)  Ucbcr  die  Entwickelung  von  Limax 
agrestis,  Miiller's  Arch.,  1851,  p.  278.  —  Leydiq. 
(F,)  Ueber  Paludina  vivipara,  cin  Beitrag  zur 
niihern  Kcnntniss  dieses  Thiercs  in  cmbryologischer, 
anatomischer  und  lustologtseher  Bezichung,  Zcitsch. 
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in  their  development  than  the  Lamellibranchiata.  Even  among  the  terrestrial  and 
aquatic  Puhnonata  there  are  striking  differences.  Some  of  the  Pectin ibranchiata  are 
remarkable  for  the  curious  cases  in  which  their  eggs  are  hatchet!  and  the  young 
developed,  to  an  advanced  state  of  growth.  The  cases  of  Pyrula  and  Strombus  are 
among  the  most  extraordinary  of  these  organic  nests.  The  embryology  of  Cepha- 
lopoda1 has  been  masterly  illustrated  by  Kolliker. 

There  is  still  much  diversity  of  opinion  among  naturalists,  respecting  the  limits 
of  Articulata;  some  being  inclined  to  separate  the  Arthropoda  and  Worms  as  dis- 


f.  wis*.  Zool.,  1850,  vol.  2,  p.  125.  —  Kolliker, 

(A.,)  q.  a.,  Zeitsch.  f.  wis*.  Zool.,  voL  4,  p.  333  and 
309.  —  HuLLF.lt,  (J.,)  Ueber  verschicdene  Formen 
von  Seethiercn,  MUller'a  Areli.,  1854,  p.  69.  — Ueber 
Synapta  digitate  und  uber  die  Erzcugung  von 
Schnecken  in  Ilolothurien,  Berlin,  1852,  4to.  fig. — 
The  remarkable  case  described  in  this  paper,  admits 
of  an  explanation  which  Hiltler  has  not  considered. 
It  is  known,  tliat  fishes  penetrate  into  the  cavity  of 
the  liody  of  Holothuria',  through  its  posterior  open- 
ing. (De  Bosset,  Notice,  etc.,  Mem.  Soc.  Sc.  Nat., 
Neuch.,  1839,  vol.  2,  4to.)  The  similarity  of  Euto- 
concha  mirabili*  with  the  embryonic  shell  of  various 
species  of  Littorimjc,  such  as  Lacuna  vincta,  the 
development  of  which  I  hud  an  opportunity  of  study- 
ing, suggests  the  possibility,  that  some  species  of  this 
family,  of  which  tliere  are  many  very  small  ones, 
select  the  Synapta  as  their  breeding  place  and  leave 
it  after  depositing  their  eggs,  which  may  become  con- 
nected with  the  Synapta,  as  our  Mistletoe  or  the 
Orobanchc  and  many  other  parasitic  plants,  with  the 
plant*  upon  which  they  grow.  —  Gegknbauer,  (C.,) 
Beilruge  zur  Entwickelungsgeschichte  der  Landgas- 
teropoden,  Zeitsch.  f.  wiss.  Zool.,  1852,  vol.  3,  p.  371. — 
Untersuchungen  uber  Ftcropodcn  und  Heteropoden, 
Leipzig,  1855,  1  vol.,  4to.  fig.  —  Kouen,  (J.,)  und 
Daniki.ssen,  (D.  C.,)  Bitrug  til  Fcetinibranchiemes 
Udviklingshistorie,  Bergen,  1851,  8vo. ;  French  Ann. 
Sc.  Nat.,  1852,  vol.  18,  p.  257,  and  1853,  vol.  19, 

p.  89 ;  al*o  Germ,  in  Wiegm.  Arch.,  1853,  p.  173  

Nordmann,  (Al.  V.,)  Versuch  eincr  Monographic 
von  Tergipes  Edwardsii,  St.  Petersburg.  1844,  4to.— 
Lkixkart,  (R.,)  Zoologische  Untersuchungen,  Gies- 

sen,  1853-54,  4to.,  fig.,3<l  Fasc  Huxlev,  (Th.  II.,) 

On  the  Morphology  of  the  Cephalous  Mollusca,  etc., 


Phils.  Trans.  R.  Soc.,  1853,  I.,  p.  29.  —  Hogo, 
(.Tabu,)  On  the  Development  and  Growth  of  the 
Watersnail,  Quart.  Mkr.  Journ.,  1854,  p.  91. —  Keid, 
(.1.,)  On  the  Development  of  the  Ova  of  the  Nudi- 
branchiate  Mollusca,  Ann.  and  Mag.  Nat.  Hist.,  1846, 
vol.  17,  p.  877.—  Cam-enter,  (W.  B.,)  On  the 
Development  of  the  Embryo  of  Purpura  Lapillus, 
Quart.  Micr.  Journ.,  1845,  p.  17. 

1  Koi.l.IKER,  (Ai.R.,)  Entwickelungsgeschichte 
der  Cephalopoden,  Zurich,  1844,  4to.,  fig.— Vas- 
Benepen,  (P.  J.,)  Recherche*  sur  I'Embryogcnio 
de*  Sepiolcs,  N.  Mem.  Acad.  Brux.,  vol  14,  1841. 
—  Coldstream,  (Z.,)  On  the  Ova  of  Sepia,  Lond. 
and  Ed.,  Phil.  Mag.,  Oct.,  1833.  — Duo es,  (Ant.,) 
Sur  le  dcvcloppement  de  I'einbryon  chez  les  Mollus- 
ques  Cephalopodes,  Ann.  Sc.  NaL,  vol.  8,  p.  107. — 
Rattike,  (H.,)  Perothis,  ein  neues  genus  der  Cepha- 
lopoden,  Mem.  Ac  St.  Petcrsb.,  1834,  vol.  2,  p. 
149.  (Is  the  young  of  some  Loligoid  Cephalopod.) 
Milne-Edwards,  (H.,)  Observations  sur  les  sper- 
matophores  des  Mollusques  Cephalopodes,  etc.,  Ann. 
Sc.,  n.,  2de  aer.,  vol.  3,  p.  193.— Kolliker,  (A..) 
Hectocotylus  Argonautnj  Delle  Chiaje  und  Hect. 
Tremocto|>odis  K.,  die  Miinnchen  von  Argonauta 
Argo  und  Tremoctopus  violaceus,  Bcr.  Zool.  Anst. 
WUrzburg,  1849,  p.  69.  —  Muller,  (H.,)  Debar 
das  Miinnchen  von  Argonauta  Argo  und  die  Hecto- 
cotylen,  Zeitsch.  f.  wiss,  Zool.,  vol.  4,  p.  1.  —  Vera- 
nt,  (J.  B.,)  et  Voct,  (C)  Memoiro  sur  les  Hec- 
tocotyles  et  les  males  de  quelques  Cephalopodes, 
Ann.  Sc  n.,  Sts  ser.,  1852,  voL  17,  p.  147.— Roc- 
Mtf,  (F.  D.,)  De  la  connaissoncc  qu'ont  cue  lea 
anciens  du  bras  copulatcur  chez  certains  Cephalo- 
podes, Ann.  Sc.  n.,  3e  scr.,  1852,  voL  17,  p.  188.— 
Li:t  ukart,  (R.,)  Zool.  Unlers.  q.  a. 
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tinct  branches,  while  others  unite  them  into  one.  I  confess  I  cannot  see  the  ground 
for  a  distinction.  The  worm-like  nature  of  the  larva)  of  the  majority  of  Arthropods 
and  the  perfect  homology  of  these  larva)  with  the  true  Worms,  seem  to  me  to 
show  beyond  the  possibility  of  a  douht,  that  all  these  animals  are  built  upon  one 
and  the  same  plan,  and  belong,  therefore,  to  one  branch,  which  contains  only  three 
classes,  if  the  principles  laid  down  in  my  second  chapter  are  at  all  correct,  namely, 
the  Worms,  Crustacea,  and  Insect*.  As  to  the  Protozoa,  I  have  little  confidence 
in  the  views  generally  entertained  respecting  their  nature.  Having  satisfied  myself 
that  Colpoda  and  Paramecium  are  the  brood  of  Planariie,  and  Opalina  that  of  Dis- 
toma,  I  see  no  reason,  why  the  other  Infusoria,  included  in  Ehreuberg's  division 
Enterodela,1  should  not  also  be  the  brood  of  the  many  lower  Worm*,  the  develop- 
ment of  which  has  thus  far  escaped  our  attention.  Again,  a  comparison  of  the  early 
stages  of  development  of  the  Entomostraca  with  Rotifera  might  be  sufficient  to  show, 
what  Burmeister,  Dana,  and  Leydig  have  proved  in  another  way,  that  Rotifera  are 
genuine  Crustacea,  and  not  Worms.  The  vegetable  character  of  most  of  the  Anen- 
tera  has  been  satisfactorily  illustrated.  I  have  not  yet  been  able  to  arrive  at  a 
definite  result  respecting  the  Rhizopods,  though  they  may  represent,  in  the  type  of 
Mollusks,  the  stage  of  yolk  segmentation  of  Gasteropoda.  From  these  remarks  it 
should  be  inferred,  that  I  do  not  consider  the  Protozoa  as  a  distinct  branch  of  the 
animal  kingdom,  nor  the  Infusoria  as  a  natural  class.1 

Taking  the  class  of  Worms,  in  the  widest  sense,  it  would  thus  embrace  the 


1  That  Vorticellidse  are  Bryozon,  has  already 
been  stated  above. 

*  Schultze,  (M.,)  Beitriige  zur  Naturgeschichte 
don  Turbellarien,  Greifewald,  1H5],  4to.,  fig. —  Zoo- 
logUche  Skizzen,  ZeiUch.  f.  wiw.  Zool.  1852.  vol.  4, 
p.  178. —  Muller,  («!-,)  Ueber  eine  eigenthUmliche 
Wnrmlarve,  etc.,  Archiv,  1850,  p.  485. —  Df.sok, 
(E.,)  On  the  Embryology  of  Nemerte*,  with  an  Ap- 
pendix on  the  Embryonic  Development  of  Polynoe, 
Boctun  Journ.  Nai.  Hi«t.  1850,  vol  6,  p.  1  ;  MUller'a 
Archiv,  1848,  p.  511.  —  Agassiz,  (L^)  Colpoda  and 
Paramecium  are  larva?  of  PIanaria>,  Proc  Am.  Ash. 

Adv.  Sc.,  Cambridge,  1849,  p.  439  GlSAHD,  (Ch.,) 

Embryonic  Development  of  Planocera  elliptica,  Jour. 
Ac.  Nat.  Sc.  Phil.,  2d  sen  1854,  vol.  2,  p.  307.— 
Eiirenbero,  (C.  G.,)  Die  Infiwioiwthierehen,  e«c^ 
q.  a. —  KL'tzi.tg,  (F.  T.,)  Ueber  die  Verwandlung 
dcr  Infuporien  in  niedcre  Algenformen,  Nordhauaen, 
1844,  4to.  fig.  —  StEBOLD,  (C.  Th.  E.  v.,)  Ueber 


einzellige  Pflanzcn  und  Thiere,  ZeiUch.  f.  wins.  ZooL 
1849,  vol.  1,  p.  270.  —  Naeoeli,  (C.,)  Gattungen 
einzclliger  Algcn,  Zurich,  1849,  4to.  fig.  —  BllAl'X, 
(A.,)  Algarum  unicellularium  genera  nova  et  minus 
cognita,  Leipzig,  1859,  4to.  fig.  — Cons,  (PJ  Bei- 
triige zur  Entwirkclungsgeftchichte  der  Infu*orien 
ZeiUch.  f.  wis*.  Zool.  1851,  voL  3,  p.  257.  — Bei- 
triige zur  Kenntniss  der  Infusoricn,  ZeiUch.  f.  wiaa. 
Zool.  1854,  vol  5,  p.  420.  — Ueber  Encystirung  von 
Ainphileptus  fosciola,  ibid.  p.  434. — Scuultze,  (M.,) 
Ueber  den  Organi*mus  der  Polythalamien,  Leipzig, 
1854,  1  vol  fol.  fig.  —  Beobachtungeu  liber  die  Fort- 
pflanzung  dcr  Polythalamien,  Muller'a  Archiv,  185f>, 
p.  165.  —  Alehuacii,  (L.,)  Ueber  die  Einzelligkcit 
der  Amoeben  ZeiUch.  f.  wiw.  ZooL  1855,  vol  7, 
p.  3C5.  —  Ueber  Eneystirong  von  Oxytricha  Pcllio- 
nella,  ZeiUch.  f.  wis*.  Zool.  1854,  vol.  5,  p.  430.— 
Cieskowskt,  Ueber  Cyatenbildung  bci  Infusoricn, 
ZeiUch.  f.  wis*.  ZooL  1855,  vol.  6,  p.  301. 
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Helminths,  Turbcllarisc,  and  Annulata.  The  embryology  of  these  animals  still  requires 
careful  study,  notwithstanding  the  many  extensive  investigations  to  which  they  have 
been  submitted;  the  intestinal  Worms  especially  continue  to  baffle  the  zeal  of 
naturalists,  even  now  when  the  leading  features  of  their  development  are  ascertained. 
The  Nematoids  undergo  a  very  simple  development,  without  alternate  generations, 
and  as  some  are  viviparous  their  changes  can  easily  be  traced.1  The  Cestods  and 
Cystici,  which  were  long  considered  as  separate  orders  of  Helminths,  arc  now  known 
to  stand  in  direct  genetic  connection  with  one  another,  the  Cystici  being  only 
earlier  stages  of  development  of  the  Cestods.'  The  Trcmatods  exhibit  the  most 
complicated  phenomena  of  alternate  generations;  but  as  no  single  species  has  thus 
far  been  traced  through  all  the  successive  stages  of  its  transformations,  doubts  are 


1  Stein,  (F.,)  Beitriige  zur  Entwickelung*ges- 
cliichte  der  EingeweidewUrmer,  Zeit*eh.  f.  wis:".  Zool., 
1852.  vol.  4,  p.  196.  — Nelson,  (H.,)  Ou  the  Re- 
production of  ihe  A*caris  Mystnx,  Philo*.  Tran*. 
R.  Soo.,  1852,  II.,  p.  503.  —  Grube,  (E..)  Ueber 
einige  Anguillulcn  und  die  Entwickclung  von  Gor- 
diu*  aquaticus,  Wiegmnnn'*  Areliiv,  1841),  L,  p.  358. 
—  Sikbolp,  (C.  Tn.  E.  v.,)  Ueber  die  Wnnderung 
der  Gordiaceen,  Ueber*.  d.  Arb.  und  Ver.  Bchles. 
Ge*.  f.  vftteri.  Kultur.,  1850,  p.  38.  —  Mehbner, 
(C)  Beiirage  zur  Anntomie  und  Phy*iologie  von 
Mr  rati*  albicans,  Zeit#ch.  f.  wis*.  Zoo).,  1853,  vol.  5, 
p.  207. —  Beobacbtungen  Uber  das  Eindringen  der 
Saamenelcmenle  in  den  Dotter,  Zeit*ch.  f.  wb*. 
Zool..  1855,  vol.  6,  p.  208,  und  272.—  Beitriige  zur 
Anatomic  und  Phy*iologie  der  Gordiaceen,  Zeitsch.  f. 
wis*.  Zool.,  1855,  vol.  7,  p.  1.  — Koi.ukek,  (A.,) 
Beitriige  zur  Entwiekelungngeschichle  wirbclkwcr 
Tbiere,  MUllcr's  Archiv,  1843,  p.  68.  —  Hawk, 
(H..)  I '  -i  rtatio  inaug.  de  evolutionc  Slrongyli  au- 
rieularia  et  Ascaridis  acuminata?,  Erlnngen.  1841, 
4to.  fig.  —  Leiut,  (Jo*.,)  A  Flora  and  Fauna  within 
living  Animal*,  Smithson.  Contrib.  1853,  4to.  fig. — 
Lubchka,  (H.,)  Zur  Nnturgeschichte  der  Trichina 
spiralis,  Zefaeh.  f.  wis*.  Zool.  1851,  vol.  3.  p.  69.— 
BiftCiiort-,  (Til.,)  Ueber  Ei-  und  Samrnhildting  und 
Befruchtung  bei  Ascaris  Myslax,  Zeitsch.  I*.  wis*. 
Zool.,  1855,  vol.  6,  p.  877. — Wideriegng,  des  von 
Dn.  Keber  bri  drn  Najndrn  und  Dr.  Nelsox  bei 
den  Ascariden  brhauptrten  Eindringen*  der  Sjkt- 
matozoiden  in  das  Ei,  Gicseen,  1854,  4to.  fig.— 


Bestntigung  de*  von  Dr.  Newport  bei  den  Batra- 
rhiern  und  Dr.  Barrt  bei  den  Knninchen  behaupte- 
ten  Eindringen*  der  Spermatozoidcn  in  das  Ei,  Gics- 
sen,  1854,  4to. 

*  Van  Beneden,  (P.  J.,)  Le*  Helminthes  Ces- 
toide*,  etc.,  Bullet.  Ac.  Belg..  vol.  16,  et  sen,.;  Mem. 
Ac  Brux.,  1850,  vol.  17,  et  seq.—  Koluker,  (AM) 
Beitriige,  etc.,  q.  a. ;  p.  81.— Siebolp,  (C.  Th.  E. 
v.,)  Ueber  den  General  ionsweehsel  der  Cestoden,  etc, 
ZaltMtL  wL«.  ZooL,  1850,  vol.  2,  p.  198.  — Ueber 
die  Umwandluug  von  BlaseuwUrraer  in  BandwUrmer, 
Ueber*.  d.  Arb.  und  Ver.  d.  echles.  Ge*.  f.  vaterl. 
Kultur,  1852,  p.  48. —  Ueber  die  Verwandlung  des 
Cystieeirus  pisiforniis  in  Ttenia  serratn,  Zeitsch.  f. 
wi*s.  Zool.,  1853,  vol.  4,  p.  400.— Ueber  die  Ver- 
wandlung  der  Eehinococcui-Brut  in  Ta-nien,  Ibid., 
1853,  p.  409.  — Ueber  die  Band-und  Blascnwurmer, 
nebst  einer  Eiuleitung  Uber  die  Entstchung  der  Ein- 
geweidewUnucr,  Leipzig,  1854,  8vo.  fig. —  Huxley, 
(Tn.  H.,)  On  the  Anatomy  and  Development  of 
EcJiinoeoecus  veterinorum,  Ann.  and  Mag.  Nat.  Hist. 
2d  *er.,  vol.  14,  p.  379.  —  Kuciienmkisteh,  (Fr.,) 
Ueber  die  Umwnndlung  der  Finnen  (Cysticerci)  in 
BandwUnner  (Toenias)  Prng.  Vierteljahnssrh,  1852, 
p.  106.  — Waoener,  (R.  G.,)  Die  Entwickelung  drr 
Cestodcn,  Bonn,  1855,  1  vol.  4to.  fig.  —  Meissxek, 
(G.,)  Zur  Entwiekelung*ge*chichte  und  Anntomie 
der  BandwUrmer,  Zeilselu  f.  wiss.  Zool.,  1854,  vol. 
5,  p.  380.  —  Leuckart,  (R.,)  Erziehung  des  Cysti- 
cereu*  lasciolari*  au*  den  Eiem  der  Taenia  crassi- 
coUi*.  ZcitBrh.  f.  wia*.  Zool.  1854,  vol.  6,  p.  139. 
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stUl  entertained  respecting  the  genetic  connection  of  many  of  the  forme  which 
appear  to  belong  to  the  same  organic  cycle.1  It  is  also  still  questionable,  whether 
Gregarimc  and  Psorospermia  are  embryonic  forms  or  not,  though  the  most  recent 
investigations  render  it  probable  that  they  are.1  The  development  of  the  Annu- 
lata,  as  they  are  now  circumscribed,  exhibits  great  variety;*  some  resemble  more 
the  Nematods,  in  their  metamorphoses,   while  others,  the  Leeches  for  instance, 


1  Nordmann,  (Al.  v..)  Micrographiscbe  Beitriige 
rur  Katurgcschichtc  der  wirbcllosen  Thiere,  Berlin, 
1683,  4to.  fig.—  Bojaxl-s,  (L.,)  Zcrkaricn  und  ihr 
Fundort,  Isis  1818,  vol.  4,  p.  729.  —  Enthelmin- 
tiea  Isis  1821,  p.  1C2.  —  Caiu:m,  Beohachtungen  iiher 
einen  merkwardigen  Eingeweidewurm,  Leucochlori- 
dium  paradoxum,  Nov.  Act.  Ac.  Nat.  Cur.,  vol.  17, 
p.  85.  —  SlEHOLD,  (C.  Th.  E.  t.,)  Ilelminthologische 
Beitriige,  Wiegman's  Archiv,  1835,  voL  1,  p.  45.— 
Ueber  die  Conjugation  des  Diplozoon  parndoxum, 
etc.,  Zeitsch.  f.  wis*.,  Z00L,  1851,  vol  8,  p.  02.  — 
Gyrodactylus,  ein  ammendes  Wesen.  Zeitsch.  f.  wiss, 
ZooL,  1849,  voL  1,  p.  847.  —  Stkexstrup,  (J..)  Ge- 
ne rations wechsel,  etc.,  q.  a. — Bilharz,  (Tn.,)  Ein 
Beitriig  zur  Helminthograpliia  humana,  Zeitsch.  f. 
wins.  Zool-,  1852,  vol.  4,  p.  59.—  Agassis,  (L..)  Zoo- 
logical Note*,  etc.,  Amer.  Journ.  Sc.  and  A.  1852,  vol. 
13,  p.  425.  —  B.ver,  (K.  E.  v.,)  Beitriige  zur  Kcnnt- 
ni*s  dcr  niedern  Thiere,  Act.  Nov.  Nat.  Cur.  1827, 
vol.  18.  —  An» kut,  (II.,)  Uebcr  das  Wassergefass- 
system,  die  Geschlechtsverhiiltnissc,  dio  Eibildung 
uutl  die  Entwickelung  von  Aspidognstcr  conchicola, 
Zeitsch.  f.  wiss.  Zool.  1855,  vol.  6,  p.  349.  —  Leidt, 
(Jos.,)  Description  of  two  new  Spews  of  Distoma, 
with  the  partial  History  of  one  of  them.  Jour.  Ac. 
Nat.  Sc.  Phil.  1850,  vol  1,  p.  301,  fig. 

*  Mi,LLF.u,  (J.,)  Ueber  cine  eigenthiimliche 
krenkhnAe  luimsitische  Bildung,  etc.,  Midler's 
Archiv,  1841,  p.  477.  —  Ueber  parasitUche  Bildun- 
gen  etc.,  Mailer's  Archiv,  1842,  p.  193.—  DcrortR, 
(L„)  Note  sur  la  Gregarine,  etc.,  Ann.  Sc.  Nat., 
1828,  vol.  13,  p.  806,  fig.  — Ibid.,  2de  sex.,  1837, 
vol.  7,  p.  10 — gdvoiD,  (C.  Th.  E.  v..)  Beitriige 
etc.,  q.  a.;  p.  56-71.— Hammbbsciimidt,  (C.  Ed.,) 
Helminthologi«ehe  Beitriige.  Isis  1838,  p.  351. — 
Kolliker,  (A.,)  Die  Lehre  von  der  thicrischen 
ZeUe,  etc.,  Zeimch.  wiss.  Botanik.  1845,  vol.  i,  p.  46, 


and  p.  97.  —  Beitriige  zur  Kcnntni**  niederer  Thiere, 
Zeitsch.  f.  wins.  Zool.  1848,  vol.  i.  p.  1.  — Henle, 
(J.,)  Ueber  die  Galtung  Grcgnrina,  Mailer's  Archiv, 
1845,  p.  369.  —  Frantzius,  (Al.  v.,)  Observntiones 
quanlam  de  Gregarinis,  Berolini,  1846.— Stkix,  (F.,) 
Ueber  die  Naiur  der  Gregarincn,  Mailer's  Archiv, 
1848,  p.  182,  fig.  —  Bnucn,  (C.,)  Einige  Bemcr- 
knngen  liber  die  Gregarinen,  Zeitsch.  f.  wiss.  Zool. 
1850,  vol.  2,  p.  110.  — Letdio,  (F.,)  Ueber  1'roro- 
spermien  und  Gregarinen,  MUller's  Archiv,  1851, 
p.  221.  —  Leu>t,  (Jos..)  On  the  Organization  of  the 
Genus  Gregarina,  Trans.  Amer.  Phil.  Soc  1851,  vol. 
10,  p.  233.  —  Some  Observations  on  Ncmatoidca  im- 
perfecta and  Descriptions  of  three  parasitic  Infusoria, 
Trans.  Amer.  Phil.  Soc.  1851,  vol.  10,  p.  241.— 
LiEBERKCTtN,  (N.,)  Ueber  die  Psorospcrmien,  Mai- 
ler's Arehiv,  1854,  p.  1. 

*  Weber,  (E.  II.,)  Ueber  die  Entwickelung  von 
Hirudo  medicinalis,  Meckel's  Archiv,  1828,  p.  366, 
fig.  —  Filipti,  (Fil.  de,)  Sopra  l'anatomia  c  lo  svi- 
luppo  delle  Clepsine,  Pavla,  1839, 8vo.  fig.  —  Loves, 
(J.,)  Beobachtungen  Uber  die  Metamorphose  ciner 
Annelidc,  K.  Vet.  Ac.  Handl.  1840,  Wiigmann's 
Archiv,  1842,  voL  L,  p.  302.  — Oersted,  (A  S.,) 
Ueber  die  Entwickelung  der  Jungen  bei  einer  Anne- 
lidc, etc.,  Wiegmanu's  Archiv,  1845,  vol.  I.,  p.  20. — 
Sars,  (M..)  Zur  Entwickelung  der  Annelideu,  Wieg. 
matin's  Arehiv,  1845,  voL  L,  p.  11.  — Mexoe,  (A.) 
Zur  Roth-WUrmer  Gattung  Euaxes,  Wiegmann's 
Arehiv,  1845,  vol.  i.,  p.  24.  — Gat  be,  (A  E.,)  Zur 
Aualomie  und  Entwickelung  de.r  KicmenwUrmcr, 
Konigsbcrg,  1838,  4to. — Actinien,  Echinodermen  und 
WUruier,  etc.,  Konigsbcrg,  1840,  4to.  fig.  — Untcr- 
suchungen  Ulier  die  Entwickelung  der  Clepsine,  Dor- 
pat,  1844.  —  Edwards,  (II.  Milxk,)  Observations 
sur  le  developpement  des  Annelides,  Ann.  Sc.  Nat. 
3«  «Sr.  1845,  vol.  3,  p.  145.  — Koch,  (H.,)  Einige 
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approximate  more  the  type  of  the  Trematods.  The  Sipunculoids  appear  to  be  more 
closely  related  to  the  Annulata  than  to  the  Holothurioids.1 

The  class  of  Crustacea,  on  the  contrary,  may  be  considered  as  one  of  the  best 
known,  as  far  as  its  zoological  characters  and  embryonic  growth  are  concerned;  the 
only  point  still  questioned  being  the  relationship  of  the  Rotifera*  In  their  mode 
of  development  the  Lernajans,  the  Entomostraca  proper,  and  the  CirripecU  agree  as 
closely  with  one  another  as  they  differ  from  the  higher  Crustacea.  This  con- 
formity* is  the  more  interesting,  as  the  low  position  the  Entomostraca  hold  in  the 


Worte  zur  Entwickelungsgeschichle  der  Eunice,  mit 
eincm  Narhwortc  von  KiMiker,  X.  Denksch.  Schw. 

Gcsel].,   1817,  vol.  8,  4tO-  fig.  QtATREFAfJES,  (A. 

I>e.)  Memoirc  sur  rEmbryogenie  des  Annelides,  Ann. 
8c  Nat.  3e  1848,  ml.  10,  p.  15S,  fig.— Desor, 
(Ed.,)  On  the  Embryology,  etc.,  q.  a.  —  Leidt, 
(Jos.,)  Description*  of  some  American  Annelida 
abranchia,  Joum.  Ac  Nat.  St-.  PhiL  1850,  vol.  2, 
p.  43,  fig.,  (Lumbricillus  contained  several  thousand 
large  Leuoophrys.  The  ease  related  here  by  Leidy 
seems  to  me  to  indicate  rather  the  hatching  of  Opali- 
na*  from  the  egg*  of  Lumbricillus,  tlian  the  presence 
of  parasitic  Leucophrys.) —  Sciicltzb,  (M-,)  Ueber 
die  Fortpfianzung  durch  Tlieilung  bei  Nais  probusci- 
dea,  AViegman's  Archiv,  1849,  L,  p.  298;  id.  1852, 
I,  p.  3.  —  Zoologische  Skizzen  (Arenlcola  piscaL) 
Zcitseh.  f.  wis*.  Zool.  1852,  vol.  4,  p.  192.—  Biscn, 
(W.,)  Beob.  Uber  Annt.  und  Entw.  q.  a.  (p.  55.)  — 
Mi' » i:.  (  M..>  Observaiiones  analoiuiae  de  Veruii- 
bus  quibusdam  maritimis,  Bcrolini,  1852,  4to. ;  Mid- 
ler's Archiv,  1852,  p.  323.  —  Ueber  die  weiterc 
Entwickelung  von  Mesotroclia  sexoculata,  Midler's 
Arvbiv,  1855,  p.  1. — Ueber  Sacconereis  hr-lgolandica, 
Muller's  Archiv,  1855,  p.  13. —  Kroiix,  (A.,)  Ueber 
die  Erclieinungen  bei  der  Fortpfianzung  von  Syllis, 
Wiegman'*  Archiv,  1852,  I.,  p.  6ft. —  Ueber  die 
Sprusslinge  von  Autolytus  prolifer  Gr.,  Muller's  Ar- 
chiv, 1855,  p.  489.— Leuckart,  (R-.)  Ueber  die 
ungvschlechtlichc  Vcrmehrung  bei  Nais  probosridea, 
"Wiegman's  Archiv,  1851,  p.  131.  —  Ueber  die  Ju- 
gendzustiinde  cinigcr  Anneliden,  Wiegman's  Archiv, 
1855,  1.,  p.  63. 

1  Peters.  (W.)  Ueber  die  Fortpflanziingsorgane 
di«  Sipunculus,  Muller's  Archiv,  1850,  p.  382.— 
MUlleb,  (M..)  Ueber  cine  den  Sipunculidcn  ver- 


wandte  Wurmlarve,  Midler's  Archiv,  1850,  p.  439. 

—  Krohx,  (A.)  Ueber  die  Larvc  des  Sipunculus 
nudus,  etc.,  Midler's  Archiv,  1851,  p.  368.— 
Schmarda,  (L,)  Zur  Naturgescliichlc  der  Adria 
(Bonellia  viridis)  Denksch.  Wien.  Akad.  1852,  vol. 
4,  p.  117,  fig.  — Geoknbai  er,  (C.)  Ueber  die  Ent- 
wickelung von  Doliolum,  der  Scheibenquallen  und 
von  Sagitta,  Zeiuch.  f.  wis*.  Zool.  voL  5,  p.  13. 

*  EtfRENRKRG,  (C.  J.,)  Die  Infu'iousthierchen. 
etc.,  q.  a.  —  DAi.RmrLK,  (J..)  Description  of  an  In- 
fusory  Animalcule  allied  to  the  Genus  Notommata. 
Philos.  Trans.  1844,  II.,  p.  331.  — Naeoeli.  (H-.) 
Beilriige  zur  Entwickelungsgcschiebte  der  Rader- 
thiere,  inaug.  DLw^  Zurich,  1852,  8vo.  fig.  — Lf.tdki, 
(F*,)  Ueber  den  Bau  und  die  systematisehc  Stel- 
lung  der  Raderthiere,  Zcitseh.  f.  wis*.  Zool.  1854, 
vol.  6,  p.  1.  —  Zur  Anatomic  und  Enlwickelungsges- 
chichte  der  Lacinularia  soeialis,  Zeiuch.  f.  wis*.  Zool 
1852,  vol.  3,  p.  452.  — Cohn,  (F.,)  Ueber  die  Fort- 
pfianzung der  Raderthiere,  Zeiuch.  f.  wis*.  Zool., 
1855,  vol.  7,  p.  431.— Hlxlet,  (Tu.  H.,)  Lacinula- 
ria weialis,  Trans.  M.  Soe.,  Micr.  Journ.  1852,  p.  12. 

—  WlLLLUIBOX,  fW.  C.,)  On  the  Anatomy  of  Meli- 
certa  ringens.  Quart.  Micr.  Joura.  1852,  p.  1. 

•  Jurixk,  (L,)  Histoire  des  Monocles  qui  sc 
trouvent  aux  environs  de  Geneve,  Paris,  1806,  4lo- 
fig.  —  Edwards,  (II.  Milkk,)  in  Cuvier,  Ri-gn.  An. 
edit,  illustr.  q.  a.  Crustacea;    represents  young  Li- 

mulus  Zaddach,  (E.  G,)  De  ApodU  cancrifor- 

mis  Anatome  et  Historia  evolutionis  Bonnie,  1841, 

4to.  fig  Nordman.v,  (Al.  v.,)  Microgr.  Beitr.  q. 

a.  —  Lztdic),  (Fr.,)  Ueber  Argulns  foliaceus,  ein 
Beitrag  zur  Anatomie,  Histologic  und  Entwickelungs- 
geschirlite  dieses  Tliieres,  Zeiuch.  f.  wis*.  Zool.  1850, 
vol  2,  p.  323.  — Ueber  Artemia  salina  und  Brauchi- 
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class  of  Crustacea,  agrees  strikingly  with  their  early  appearance  in  geological  times, 
while  the  form  of  the  adult  Cirripeds1  and  that  of  the  Lernaeans  would  hardly 
lead  one  to  suspect  their  near  relationship,  which  has,  indeed,  been  quite  overlooked 
until  Embryology  showed  that  their  true  position  is  among  Crustacea.  In  the 
development  of  the  higher  Crustacea,1  their  superior  rank  is  plainly  exhibited,  and 
few  types  show  more  directly  a  resemblance,  in  their  early  stages  of  development, 
to  the  lower  members  of  their  class,  than  the  Brnchyura. 

In  the  class  of  Insects,  I  include  Myriapods,  Arachnoids,  and  the  true  Insects, 
as,  according  to  the  views  expressed  hereafter,  these  natural  groups  constitute  only 
different  degrees  of  complication  of  the  same  combination  of  organic  systems,  and 
must,  therefore,  be  considered  w  natural  orders  of  one  and  the  same  class.  This 
class,  though  very  extensively  studied  in  a  zoological  and  anatomical  point  of  view, 
and  u*  far  as  the  habits  of  its  representatives  are  concerned,  still  requires,  however, 
much  patient  work,  as  the  early  embryonic  development  of  these  animals  has  been 
much  less  studied  than  their  later  transformations.'     The  type  of  the  Arachnoids 


pits  stagnalis,  Zeitsch.  f.  wis*.  Zool.  1851,  vol.  3,  p. 
280. —  VanBeneijen,  (P.  J«)  Recherrhes  sur  qucl- 
ques  Crustaces  inferieurs  Ann.  Sc.  Nat.  3c  scr.  1851, 
toL  16,  p.  71.  —  Memoire  snr  le  deVcloppcmcnt  ct 
l'orgunisalion  des  Nicothods,  Ann.  Sr.  Nat.  3c  sex. 

1850,  vol.  13,  p.  354  Bauraxde,  (J.,)  SysL  sil.  q. 

a.;  contains  the  first  observations  upon  the  transfor- 
mations of  Trilobitefi. 

1  THomrsox,  (W.  V.,)  Zoological  Researches 
and  Illustration*,  or  Natural  ITUtory  of  nondescript 
or  imperfectly  known  Animals,  Cork,  1828-3-1,  8vo., 
fig. —  Birxeister,  (H.,)  Beitrage  zur  Naturge- 
schichte  der  RankenfUsser,  (Cirripedw,)  Berlin,  1834, 
1  vol.  4to.  fig. — Goonstn,  (BT.  D.  S„)  On  the  Sexes, 
Organ*  of  Reproduction,  and  Development  of  Cirri- 
peda,  Ed.  N.  Phil.  J.  1843,  No.  85,  p.  88,  fig.— 
Martin  St.  Anoe,  (G.  J..)  Metnoire  sur  I'organisa- 
tiun  des  Cirriptdca  et  sur  leur*  rupports  nalurcls 
avec  le*  anitnaux  articulc*.  Ann.  Sc.  Nat.  1831, 
p.  36C,  fig.  —  Darwin,  (Cii.,)  A  Monograph  of  the 
sub-class  Cirripcdia,  with  Figures  of  all  the  Species, 
London,  1851,  2  vol*.  8vo.  (Ray  Society.)  —  Bate, 
(Si-exck.)  (>n  the  Development  of  the  Cirripedia, 
Ann.  and  Mag.  Nat.  Hist.  2d  ser.  vol.  8,  p.  324. 

1  Rattikk,  (II..)  Untersuchungen  liber  die  Bil- 
dung  und  Entwickelung  des  Flusskrebses,  Leipzig, 


1829,  1  vol.  fob  fig.  — Beitrftge  zur  Fauna  Norve- 
gica,  Act.  Nov.  Ac.  Leop.  Qh  vol.  20.  —  Beitrage 
zur  vergleichenden  Anatomie  und  Phyaiologie,  Rei- 
sebemcrkungrn  aus  Skandinavien,  Danlzig,  1842, 
4to.  —  Zur  Morphologic,  Reisebemerkungen  aus  Tau- 

rien,  Riga  und  Leipzig,  1837,  Ito.  fig  Ueber  die 

Entwickelung  der  Decapoden,  Muller's  Archiv,  183G, 
p.  187,  Wiegman'a  Archiv,  1840,  L,  p.  241.— 
Beobachtungcn  und  Betrachtungcn  Uber  die  Entwi- 
ckelung  der  Mysis  vulgari.-.  Wicgman's  Archiv,  1839, 
p.  195,  fig.  —  Erdi.,  (M.  P.,)  Entwickelung  dea 
Hummereies,  MUnchen,  1843,  4to.  fig.  —  Edwards, 
(II.  Milne,)  sur  la  gyration  des  Crustacea,  Ann. 
Sc.  Nat.  1829.  —  Observations  sur  lea  changements 
de  forme  que  divers  Crustaces  tfprouvent  dans  le 
jeune  age,  Ann.  Sc.  Nat.  2de  «5r.  vol.  3,  p.  321. 
—  Agassiz,  (L..)  Zoological  Notes,  etc.,  Am.  Jour. 
Sc.  and  A.,  1852,  p.  426.  —  Recent  Researches,  etc., 
Am.  Journ.  Sc.  and  A.,  1852,  voL  16,  p.  136. 

«  IIerold,  (M.,)  Entwickelungsgeschichte  der 
Schmetterlinge.  etc.,  Kassel  und  Marburg,  1815,  4to. 
fig.  —  Disquisitiones  de  animalium  vertebris  rarcn- 
tium  in  ovo  formatione,  Frankfurt  a.  M„  1835,  fol. 
fig.  —  Ratiike,  (II.,)  Entwickelungsgesehichte  der 
Blatta  germanica,  Meckel's  Archiv,  1832.  —  Zur 
Entwickelungsgeschichte  der  Maulwurfsgrille  (Gryl- 
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embraces  two  group?,  the  Acnri  and  the  Arachnoids  proper,  corresponding  respec- 
tively in  this  class  to  the  Entomostraca  and  the  higher  Crustacea.  The  embryo 
of  the  Acari  resembles  somewhat  that  of  the  Entomostraca,  whilst  that  of  the  true 
Spiders1  recalls  the  metamorphosis  of  the  higher  Crustacea.  On  the  ground  of  the 
similarity  of  their  young,  some  animals,  formerly  referred  to  the  class  of  Worms,1 
are  now  considered  as  Arachnoids;  but  the  limits  between  the  aquatic  Mites  and 
the  Pycnogonums  arc  not  yet  quite  defined. 

In  the  branch  of  Vertebrata,  all  classes  have  been  extensively  studied,  and  as 
far  as  the  principal  types  are  concerned,  the  leading  features  of  their  development 
are  satisfactorily  known.  Much,  however,  remains  to  be  done  to  ascertain  the  minor 
modifications  characteristic  of  the  different  families.  It  may  even  be,  that  further 
investigations  will  greatly  modify  the  general  classification  of  the  whole  branch. 
The  class  of  Fishes8  may  require  subdivision,  since  the  development  of  the  Plagios- 


lotalpa  vtilgnri*,)  Muller's  Arehiv,  1844,  p.  27. — 
Kolliker,  (A..)  Observntiones  de  prima  Insccto- 
rum  Gencsi,  Turici,  1842.  Ito.  fig.  — Zaddacii,  (G,) 
Die  Entwiekelung  de*  Phrygnniden  Eies,  Berlin, 
1  rol.  4to.  1854. —  Leickarpt,  (R.)  Ueber  die 
Micropyle  und  den  feinent  Ban  der  Schalenhaut  bci 
den  Insektenciem,  Muller'*  Arch,  1855,  p.  90. — 
Newport,  (Geo.,)  On  the  Organs  of  Reproduction 
nnd  the  Development  of  Myrinpodn,  Phil.  Trans.  R. 
Soc,  1842,11.  p.  99.—  Stein,  (Fr,)  Vergeiehende 
Anatomic  und  Physiologie  der  Inset-ten,  l*te  Monogr, 
Die  weiblichen  Gesehleehtsorgnne  der  Kiifer,  Berlin, 

1847,  fol.  fig.  — Siebolp,  (C.  Tn.  E.  v,)  Ueber  die 
Fortpflanzung  von  Psyelie,  Zeitsch.  f.  wis*.  A. A., 

1848,  vol.  1,  p.  93.  —  Leydig,  (Fit.,)  Einige  Remer- 
kungen  liber  die  Entwiekelung  der  Blattliiuse,  Zeitsch. 
f.  wis*.  Zool,  1850,  vol.  2,  p.  62.  — Meter,  (tt,) 
Uel>er  die  Entwiekelung  de*  Fc-ttkorpers,  der  Trn- 
eheen  und  drr  keimbereiteuden  Gcschechtstheile  bei 
den  Lepidopteren,  Zciuch.  f.  wis*.  Zool,  1849,  vol.  1. 
—  BfKNETT,  (\V.  J,)  Researches  on  the  Develop- 
ment of  viviparous  Aphides,  Amer.  Joum.  Sci.  and 

Arts,  1854,  vol.  17,  p.  62  and  261  As  far  as  the 

metamorphose*  of  Insect*,  after  the  eelosion  of  the 
larva,  are  concerned,  I  must  refer  to  the  works  of 
Renumer  and  Roescl  already  quoted,  and  to  almost 
every  modern  book  upon  Entomology.  The  meta- 
morphoses of  Xorth  American  Insects  are  minutely 
described  in  Harris's  Report,  q.  a. 


1  Herolp,  (M,)  De  generatione  Aranearum  in 
ovo,  Marburgi,  1824,  fol.  fig.  —  Ratiike,  (H..) 
Ueber  die  Entwiekelung  de*  Scorpion*;  Zur  Mor- 
phologie,  q.  a  —  VanBenepen,  (P.  J,)  Recherche* 
sur  l'Histoire  naturelle  et  le  dtiveloppement  de  l'Atax 
ypsilophorn,  M£m.  Ac.  Brux,  1850,  vol.  24,  p.  444. 
—  Wirncn,  (W.  II.  v.,)  Observatione*  quondam  de 
aranenrum  ex  ovo  evolutione,  Diss-  inaug.  Hnli* 
Sox,  1845.  —  Die  Entstehung  des  Arachnideneies 
im  Eierslock,  MUller'*  Arch,  1849,  p.  113.  — Caris. 
(J.  V.,)  Ueber  die  Entwiekelung  de*  Spinneneie*, 
Zeitsch.  f.  wis*.  Zool,  1850,  vol.  2,  p.  97.  —  Dujar- 
dw,  (F,)  Mtfmoire  sur  de*  Acnrien*  *an*  bouche*, 
dont  on  a  fait  le  genere  Hypopus  et  qui  sont  le 
premier  age  de*  Gamaoses,  Ann.  Sc.  Nat,  1849, 
vol.  12,  p.  243  et  259. 

*  Kaufman?"',  (Jos,)  Ueber  die  Entwiekelung 
nnd  zoologischc  Stellung  der  Tardigradcn,  Zeitsch. 
f.  wis*.  Zool.  1861,  vol.  3,  j».  220.  —  VanBenedkx, 
(P.  J,)  Recherche*  sur  lorgnnisalion  et  le  develop- 
pement  des  Lingnntulcs  (Peutnstoma,)  Mem.  Ac. 
Brux.  vol.  15,  I,  p.  188,  —  Schubert,  (T.  D,) 
Ueber  Entwiekelung  von  Pcntastomum  ta>nioides 
Zeitsch.  f.  wis*.  Zool.  1852,  vol.  4,  p.  117.  —  Wil- 
son, (E,)  Researches  into  the  Structure  and  De- 
velopment of  a  newly  discovered  Parasitic  Animal- 
cule of  the  Human  Skin,  PhiL  Trans.  R  Soc  1844, 
p.  305. 

•  Forch hammer,    (G,)    De   Blennii  vivipari 
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touts  differs  greatly  from  that  of  the  ordinary  fishes.  As  it  now  stands  in  our  sys- 
tems, the  class   of  Fishes  is  certainly  the  most  heterogeneous  among  Vertehrata. 


fonnatione  ct  cvolutione  observation©*,  Kiel,  1819, 
4to. —  Prevo8T,  (J.  lt„)  De  la  generation  cbez  Ic 
Secbot  (Coitus  Gobio),  Mem.  Soc.  Phys.  el  Hi»t.  Nat., 
Geneve,  vol.  4,  1828,  4ta.—  Rathke,  (H.,)  Beitrage 
zur  Geschiehte  der  Thierwelt,  Halle,  1820-27,  4  vols. 
4to.  fig.  —  Abbandlungen  zur  Bildungs-  und  Ent- 
wickelungsgcschichte  des  Menschen  ond  der  Tliierc. 
Leipzig,  1832-38,  2  vols.  4to.  fig.  — Ueber  das  Ei 
einigcr  Lachsarten,  Meckel's  Arcliiv,  1832,  p.  392.— 
Baer,  (K.  E.  v.,)  Untersuehuiigen  Uber  die  Ent- 
wickelungsgcschichte  der  Fische,  Leipzig,  1835,  4to. 
—  AL«o  Entw.  der  Thiere,  q.  a,  voL  2d. —  Davy, 
(J,)  On  the  Development  of  the  Torjtfdo,  Philos. 
Trans.  R,  Soc.,  1834.  — FiLirpi,  (Fil.  de,)  Mcmoria 
»ulU>  sviluppo  del  Gobius  fluviatilis,  Anna.  Medic., 
Mikno,  1841,  8vo.  fig.  —  Ri-sconi,  (M,)  Sopra  la 
fccoudatione  artificiale  nei  pesci,  Giom.  delle  Sc. 
Med.-chir.,  Pavia,  vol.  9;  Irani*,  in  MUller's  Archiv, 
1840,  p.  185.  —  Lettre  sur  lea  changenicnts  que  lea 
fflufs  de  Poissons  eprouvent  avant  quIU  aienl  pris  la 
forme  d'embryon,  Ann.  Sc.  Nat.,  2de  sex.  vol.  5; 
transl.  Mag.  ZooL  and  Bot.,  I.,  p.  586.  —  Agassiz, 
(L.,)  Ilistoire  naturellc  des  Poissons  d'enu  douce  de 
1'Europe  centralis  vol.  1.  Embryologie  des  Salmoncs, 
par  C.  Vogt,  Ncuchfitel,  1842,  8vo.  atlas  fol.  These 
investigations  were  made  under  my  direction  and 
supervision.  —  Ml:LLER,  (J.,)  Ueber  den  glatten  Ilai 
des  Aristoteles,  und  uber  die  Verschiedenhciten  unter 
drn  Haifishen  und  Kochen  in  der  Kntwickelung  des 
Eies,  Berlin,  1842,  fol.  fig.  —  Lepckart,  (F.  8.,) 
Untersuchungen  Uber  die  iiussern  Kieraen  der  Em- 
bryonen  von  llochen  und  Haien,  Stutlgardt,  1836, 
8vo.  fig.  —  Letoig,  (Fit.,)  Beitrage  xur  microscopia- 
rben  Anatomic  und  Enlwirkclungsgeschichte  der 
Rochen  und  llaie,  Leipzig,  1852,  1  vol.  8vo.  fig.— 
Caki'8,  (C.  G.,)  Erliiuterungstafcln,  etc.,  No.  3,  Leip- 
zig, 1831,  fol.  fig.  — Shaw,  (J.,)  Account  of  some 
Experiments  and  Observations  on  the  Parr,  etc-, 
Edinb.  New  Phil.  Journ.,  vol  21,  p.  99.  — On  the 
Development  and  Growth  of  the  Fry  of  the  Salmon, 
etc..  Ibid.  voL  24,  p.  1G5;  also  Ann.  Nat.  Hist,  I. 
p.  75,  and  IV.  p.  352.—  Yarrell,  (W.,)  Growth 

11 


of  the  Salmon  in  Freah  Water,  Ann.  and  Mag.  Nat. 
Hist,  IV.  p.  334. —  Duvehnot,  (G.  L..)  Observa- 
tions pour  servir  k  la  connaissance  du  develop|>ement 
de  la  Fecilie  de  Surinam,  An.  Sc.  Nat.,  1844,  3e  *er. 
I.  p.  313,  fig.  — Coste,  (P.,)  Histoire  geuerole  et 
particuliere  du  devcloppement  des  coq>s  organises, 
Paris,  1847-53,  4to,  AtL  fol.,  2d  Fasc,  Epinoche.— 
Qt'ATR EFAGE8,  (Arm.  DE.)  Memoirs  sur  le*  Embry- 
ons  des  Syngnathes,  Ann.  Sc.  Nat.,  2de  sex.  vol.  18, 
p.  193,  fig.  —  Sur  le  developpetnent  embryonaire  des 
Blennics,  etc.,  Comptes-Rendus,  vol.  17,  p,  320.— 
Valenciennes,  (A.,)  Anableps  in  Cuvier  et  Valen- 
ciennes, Histoire  naturelle  des  Poissons,  Paris,  1846, 
vol.  18,  p.  245.  —  Wr man,  (J.,)  Observations  on  the 
Development  of  Anahlcps  Gronovii,  Journ.  Bost  Nat. 
Hist.,  1854,  voL  6,  fig.  —  Agassiz,  (L-)  Extra- 
ordinary Fishes  from  California,  constituting  a  new 
family,  Amer.  Journ.  Sc.  and  A.,  1853,  vol.  16,  p.  380. 
—  Embryology  of  Lophius  amcricanus,  Proc.  Am.  Ac. 

1855.  —  Lereboullet,  (A.,)  Reeherehes  sur  l'Ana- 
tomie  des  organes  genitaux  des  animaux  Vertcbrcs 
N.  Act.  Ac  Nat.  Cur.,  vol.  23,  p.  1.  — Ann.  Sc.  Nat., 
4e  ser.  vol.  1.  —  Aubert,  (H,)  Beitrage  zur  Ent- 
wickelungsgcschichte  der  Fische,  Zeitsch.  f.  wiss, 
Zool.,  1853,  vol.  5,  p.  94$  1855,  vol  7.— Valen- 
tin, (G,)  Zur  Entwickclungsgesehichte  der  Fische, 
ZeiLich.  f.  wiss.  Zool.,  1850,  voL  2,  p.  267.  —  Lecck- 
art,  (R.,)  Ueber  die  allmiihlige  Bildung  der  Korper- 
gestalt  bei  den  Rochen,  Zeitsch.  f.  wis*.  Zool.,  1850, 
vol.  2,  p.  258. —  Haeckbl,  (E.,)  Ueber  die  Eier  der 
Scombcresoces,  MUller's  Arch.,  1855,  p.  23.—  Ret- 
*IU»,  (A.,)  Ueber  den  grossen  Fetttropfen  in  den 
Eiern  der  Fische,  MUller's  Arch.,  1855,  p.  34. — 
Briom,  (C,)  Ueber  die  Micropylc  der  Fische, 
Zeitsch.  f.  wiss.  Zool,  1855,  voL  7,  p.  172.— Rei- 
Ciiert,  (K.  B.,)  Ueber  die  Micropyle  der  Fischeier, 
etc.,  MUller's  Arch.,  1856,  p.  83.  —  Dowler,  (B.,) 
Discovery  of  a  Viviparous  Fish  in  Louisiana,  Amer. 
Jour.  Sc.  and  Art*,  1855,  vol.  19,  p.  133,  with  Remarks 
by  L.  Agassiz,  p.  136. — Schcltze,  (M.,)  Note  sur  le 
devcloppement  des    Petromyzons,  Comptes-Rendus, 

1856,  p.  336 ;  Ann.  and  Mag.  Nat.  llisL,  2d  ser. 
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The  disagreement  of  authors  as  to  the  limits  and  respective  value  of  its  orders  and 
families  may  he  partly  owing  to  the  unnatural  circumscription  of  the  class  itself.1 
As  to  the  ReptUes,  it  is  already  certain,  that  the  Amphibia  and  Reptiles  proper,  so 
long  united  as  one  class,  constitute  two  distinct  classes.  In  the  main,  the  develop- 
ment of  the  true  Reptiles1  agrees  very  closely  with  that  of  the  Birds,  while  the 
Amphibians*  resemble  more  the  true  fishes.     In  no  class  are  renewed  embryological 


185G,  vol.  17,  p.  443.— MUlleb,  (A-,)  Ueber  die 
Entwickelung  der  Xeunaugen,  Midler's  Arch.,  IMG, 
p.  303.  The  unexpected  facta  mentioned  here,  render 
it  highly  probable,  that  Amphioxus  is  the  immature 
state  of  Homo  marine  Cyclostom. 

■  The  peculiarities  of  the  development  of  the 
riagiostonu  consist  not  bo  much  in  the  few  large 
eggs  they  produce,  and  the  more  intimate  connection 
which  the  embryo  of  some  of  them  assumes  with  the 
parent,  than  in  the  development  itself,  which,  not- 
withstanding the  absence  of  an  amnios  and  an  allan- 
toic resembles  closely,  in  its  early  stages,  that  of  the 
Reptiles  proper  and  of  the  Birds,  especially  in  the 
formation  of  the  vascular  system,  the  presence  of  a 
sinus  tcrminnlis,  etc.  Again,  besides  the  more  ob- 
vious anatomical  differences  existing  between  the 
Phigiostoms  and  the  bony  Fishes,  it  should  be  remem- 
bered that,  as  in  the  higher  Vertebral*,  the  ovary  is 
separated  from  the  oviducts  in  the  Sharks  and  Skates, 
and  the  eggs  are  taken  up  by  a  wide  fallopian  tube. 
That  the  l'lagiostoms  can  hardly  be  considered  sim- 
ply as  an  order  in  the  class  of  Fishes,  could  already 
be  inferred  from  the  fact,  that  they  do  not  constitute 
a  natural  scries  with  the  other  Fishes.  I  would, 
therefore,  propose  the  name  of  Selachians  for  a 
distinct  class  embracing  the  Sharks,  Skates,  and 
Chimseras.  Recent  investigations  upon  the  Cyclos- 
toms,  show  them  also  to  differ  widely  from  the 
Fishes  proper,  and  they  too  ought  to  be  separated  as 
a  distinct  class,  for  which  the  name  of  Mrzo.s'TBS 
may  be  most  appropriate. 

•  Volkmaxn,  (G.  W.,)  De  Colubri  Xotricis 
Generatione,  Lipshe,  1834,  4to.  —  Rathke,  (II.,) 
Entwickelungsgeschiehte  der  Natter,  (Coluber  Xa- 
trix,)  Konigsberg,  UM'J,  4 to.  fig.  —  Weimlakd,  (D.,) 
Ueber  den  Eizahn  der  Ringeliuitler,  Willi.  Xut. 
Hist.  Jahreshcfte,  1855 — Tiedejiaxn,  (F.)  Ueber 


das  Ei  und  den  Foetus  der  Schildkrote,  Heidelberg, 
1828,  4to.  fig.  —  Baku,  (K.  E.  v.,)  Beitriige  xur 
Entwickelungsgeschiehte  der  Schildkrdten,  Miiller's 
Arehiv,  1884,  p.  644. —  Rathke,  (H.,)  Ueber  die 
Entwickclung  der  Schildkroton,  Braunschweig,  1848, 
4to.  fig. 

*  litis kl  v.  KosEXHor,  (A.  J.,)  Historia  natu- 
ralis  Ranarum  nostratium,  etc.,  Norimb.,  1758,  fol. 
fig.  —  Fcxk,  (A.  F.,)  De  Salamandne  terrcstris  vita, 
cvolutione,  formatione,  etc,  Berlin,  182G,  fol.  fig.— 
Rathke,  (H.,)  Diss,  de  Salnmandrarum  corporibus 
adiposis  eorutnqne  evolutione,  Berol,  1818.  —  Ueber 
die  Entstehung  und  Entwickelung  der  Gcschlechts- 
theile  bei  den  Urodelen,  N.  Schr-,  Danu.  Naturf.  Ges., 
1820.  —  Steixheim,  (I*,)  Die  Entwickelung  der 
Friische,  Hamburg,  1820,  Hvo.  fig.  —  Hassf.lt,  (J. 
CoMb,  tax.)  Dissert,  exhibens  Observationes  de 
metamorphosi  quarumdam  partium  Ran  as  temporarue, 
Gottingns,  1820, 8vo. —  Pbevost,  (J.  I*,)  et  Leiiert, 
Mem. lire  sur  la  formation  des  organes  de  la  circula- 
tion et  du  Song  dans  les  Bnlraciens,  Ann.  Sc.  Xat.,  3e 
ser.  I.  p.  193,  fig. —  RlscONI,  (M-,)  Dcveloppcment 
de  la  GreuouiUe  commune,  depuis  le  moment  de  sa 
naissance  jusqu'  «  son  etat  parfait,  Milan,  1828,  4to. 
fig.  —  Amours  des  Salamandres  aquatiqucs  et  devc- 
loppement  du  Tetard  de  ces  Salamandres,  etc.,  Milan, 
1822,  4  to.  fig.  —  Baer,  (K.  E.  v.,)  Die  Metamor- 
phose des  Eics  der  Bairachier  vor  der  Erscheinung 
des  Embryo,  etc.,  MUller"*  Arehiv,  1834,  p.  481. 
—  Entwickelungsgeschiehte,  etc.,  vol.  2d,  p.  280. — 
Reichekt,(K.  B..)  Das  Enlwickelungsleben  im  Wir- 
belthierreich,  Berlin,  1840,  4to.  fig.  —  Vergleichende 
Entwickelungsgeschiehte  des  Kopfes  der  naekten 
Amphibien,  etc,  Konigsberg,  1838,  4 to.  fig.  — Ueber 
den  Furehungsprocess  der  Balrachicr-Eier,  Miiller's 
Arehiv,  1841,  p.  523.  — Vogt,  (C.,)  Untersuehungen 
iiber  die  Entwickelungsgeschichte  der  Geburtshelfer- 
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investigations,  extending  over  a  variety  of  families,  so  much  needed,  as  in  that  of 
Birds,  though  the  general  development  of  these  animals  is,  perhaps,  better  known 
than  that  of  any  other  type;1  while  the  class  of  Mammalia*  has  found  in  Bischoff 
a  most  successful  and  thorough  investigator* 


krute,  Solothurn,  1841,  4lo.  flg.  — Quelques  observa- 
tion* sur  I'embryologie  des  Batraciens,  Ann.  So.  n., 
8*  ser.  vol.  2,  p.  45.  —  Rexak,  (R.,)  Untersuchungen 
uber  die  Entwickelung  der  Wirbellhiere,  Berlin,  18.55, 
fol.  —  Newport,  (G.,)  On  (he  Impregnation  of  the 
Ovum  in  the  Amphibia,  Philos.  Trans.  R.  Soc,  1851, 
L,  p.  160.  —  Wimcn,  (W.  H.  v.,)  Beitrage  zur  nior- 
phologischcn  und  histolog'tschen  Entwickelung  der 
Hani-  und  Geschleehlawerkzcuge  der  nacklen  Amphi- 
hien,  Zeitsch.  f.  wis*.  Zool.,  1852,  vol.  4,  p.  125. — 
Weinlanp,  (D.,)  I'ebcr  den  Bcutclfrosch,  Midler's 
Archiv,  1854,  p.  449.  — Wyjiax,  (J.,)  Observations  , 
on  Pipa  amcricana,  Am.  Jour.  Sc.  and  Arts,  2d  ser. 
1854,  voL  17,  p.  3C9. 

■  Pander,  (Cur.  H,)  Diss,  sistens  historiam 
mctamorphoscos  quam  ovum  incubatum  prioribus 
qninque  diebus  subit,  Wirceb.  1817,  8vo.  —  Beitriige 
zur  Entwickelungsgcschichte  des  Huhnchens  im  F.ie, 
Wiirzb.  1817,  foL  fig.  — Baer,  (K.  E.  v.,)  Entwieke- 
lungsgeschichtc,  etc.,  vol.  1.  —  DlTROCIIET,  (II.,) 
Ilistoire  dc  l'ccuf  des  Oiseaux  avant  la  ponte,  Bull. 
Soc.  rhilom.,  1819,  p.  38.  —  Hi-nter,  (Joiix,)  Obser- 
vations on  Animal  Development,  edited  and  his  Illus- 
trations of  that  process  in  the  Bird  described  by  R. 
Owes,  London,  1841,  fol.  fig. —  Prevost,  (J.  L.,) 
Merooire  sur  lc  developpement  du  poulet  dans  lYeuf, 
Ann.  Sc.  Nat..  1827,  vol.  12,  p.  415.  — Prevost,  (J. 
I*,)  et  Lkbert,  Memoires  stir  la  formation  des 
organes  de  la  circulation  et  du  sang  dans  l'crabryon 
du  Poulet,  Ann.  Sc.  Nat.  3e  aer.  I.  p.  265  ;  II.  p.  222, 
fig. ;  III.  p.  96.  —  Baidrimont,  (A.,)  et  Martin  St. 
Axge,  (G.  J.)  Recherches  anatoniiques  et  pbysiolo- 
giquea  sur  le  developpement  du  foetus,  Paris,  1850, 
4to. —  Meckel  v.  Hemshacii,  (II.,)  Die  Bildung  der 
far  pnrtiellc  Furchung  beslimmten  Eier  der  Viigcl, 
etc.,  Zeitsch.  f.  wis*.  Zool.,  1852,  voL  3,  p.  420.  — 
In  no  class  are  erabryological  investigations  extend- 
ing over  a  variety  of  families  more  needed  than 
in  that  of  Birds,  if  we  should  ever  derive  any 


assistance  from  the  knowledge  of  their  development 
for  their  natural  classification. 

*  For  the  papers  relating  to  the  foetal  envelopes 
and  the  placenta  and  also  to  the  different  systems 
of  organs  or  any  organ  in  particular  and  for  human 
embryology  generally,  sec  Bisehoff's  article  "  Ent- 
wickelungsgcschichte,'* in  R.  Wagner's  Handworter- 
buch  der  Physiologic,  p.  867,  where  every  thing  that 
has  been  done  in  this  direction,  up  to  the  year  1843, 
is  enumerated.  For  more  recent  researches  upon 
these  topics  consult,  also,  Miller's  Archiv,  Wiecj- 
man's  Archiv,  Sierold  und  Koli.ikfh's  Zeitsch. 
f.  wis*.  Zool.,  Milne-Edwards,  Ann.  Sc.  Nat,  and 
the  Annals  and  Magazine  of  Nat  Hist,  etc 

»  Biscnorr,  (Tit.  L.  W.,)  Entwickelungsges- 
chichte  des  Kaninchen-Eies,  Braunschweig,  1842, 
4to.  fig.  —  Entwickelungsgeschichtc  des  Hunde-Eies, 
Braunschweig,  1845,  4to.  fig.  —  Entwiekelungsges- 
chichte  des  Mcersehwcinchens,  Giessen,  1852,  4to.  fig. 
— Kntwickclungsgeschichte  des  Rehes,  Giessen,  1854, 
4to.  fig.  — Prevost,  (J.  L.,)  et  Dlmas,  (J.  A.,)  De 
la  generation  chez  les  Mammiferes,  etc,  Ann.  Sc.  Nat. 
1824,  vol  3,  p.  113,  fig.  — Bojascs,  (L.,)  Observatio 
anatomica  de  f<ctu  canino  24  dierum,  etc..  Act  Ac. 
Nat.  Cut.,  voL  10,  p.  139,  fig.— Costb,  (P.,)  Embry- 
oge'nic  compared,  Paris,  1837,  8vo.  Atlas  4to.  —  His- 
toire particuliere  et  generale  du  developpement  des 
corps  organises,  q.  a.  —  Recherches  sur  le  generation 
des  Mammiferes  et  le  developpement  de  la  brcbis, 
Ann.  So,  Nat,  1835,  III.  p.  78.  —  Recherches  sur 
la  generation  des  Mammiferes,  Paris,  1834,  4to.  fig. 
—  Bernhardt,  (C.  A,)  Symbolic  nd  Ovi  Maroma- 
lium  historiam  ante  pregnationcm,  Vratisl.,  4lo.,  Miil- 
ler's  Arch.,  1835,  p.  228.  — Barrt,  (M.,)  Researches 
in  Embryology,  Phil.  Trans.  R.  Soc  1838,  p.  301  ; 
1839,  p.  307  ;  1840,  p.  529  ;  1841,  p.  195.  —  Baer, 
(II.  E.  v.,)  q.  a.  —  Owen,  (R.,)  On  the  Ova  of 
the  OrniUWhynchus  paradoxus,  PhiL  Trans.  1834, 
p.  555.— On  the  Young  of  the  Ornithorbynehus  para- 
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Embryology  has,  however,  a  wider  scope  than  to  trace  the  growth  of  individual 
animals,  the  gradual  building  up  of  their  body,  the  formation  of  their  organs,  and  all 
the  changes  they  undergo  in  their  structure  and  in  their  form;  it  ought  also  to 
embrace  a  comparison  of  these  forms  and  the  successive  steps  of  these  changes 
between  all  the  types  of  the  animal  kingdom,  in  order  to  furnish  definite  standards 
of  their  relative  standing,  of  their  affinities,  of  the  correspondence  of  their  organs  in 
all  their  parte.  Embryologiste  have  thus  far  considered  too  exclusively,  the  gradual 
transformation  of  the  egg  into  a  perfect  animal;  there  remains  still  a  wide  field  of 
investigation  to  ascertain  the  different  degrees  of  similarity  between  the  successive 
forms  an  animal  assumes  until  it  has  completed  its  growth,  and  the  various  forms  of 
different  kinds  of  full-grown  animals  of  the  same  type;  between  the  different  stages 
of  complication  of  their  structure  in  general,  and  the  perfect  structure  of  their 
kindred;  between  the  successive  steps  in  the  formation  of  all  their  parts  and  the 
various  degrees  of  perfection  of  the  parte  of  other  groups;  between  the  normal 
course  of  the  whole  development  of  one  type  compared  with  that  of  other  types,  as 
well  as  between  the  ultimate  histological  differences  which  all  exhibit  within  certain 
limits.  Though  important  fragments  have  been  contributed  upon  these  different 
pointe,  I  know  how  much  remains  to  be  done,  from  the  little  I  have  as  yet  been 
able  to  gather  myself,  by  systematic  research  in  this  direction. 

I  have  satisfied  myself  long  ago,  that  Embryology  furnishes  the  most  trustworthy 
standard  to  determine  the  relative  rank  among  animals.  A  careful  comparison  of 
the  successive  stages  of  development  of  the  higher  Batrachians  furnishes,  perhaps,  the 
most  striking  example  of  the  importance  of  such  investigations.  The  earlier  stages 
of  the  Tadpole  exemplify  the  structure  and  form  of  those  Ichthyoids  which  have 
either  no  legs,  or  very  imperfect  legs,  with  and  without  external  gills;  next  it 
assumes  a  shape  reminding  us  more  of  the  Tritons  and  Salamanders,  and  ends  with 
the  structure  of  the  Frog  or  Toad.1  A  comparison  between  the  two  latter  families 
might  prove  further,  that  the  Toads  are  higher  than  the  Frogs,  not  only  on  account 
of  their  more  terrestrial  habits  (sec  Sect  10),  but  because  the  embryonic  web,  which, 
to  some  extent,  still  unites  the  fingers  in  the  Frogs,  disappears  entirely  in  the  Toads, 
and  may  be  also,  because  glands  are  developed  in  their  skin,  which  do  not  exist  in 
Frogs.  A  similar  comparison  of  the  successive  changes  of  a  new  species  of  Comatula 
discovered  by  Prof.  Holmes,  in  the  harbor  of  Charleston,  in  South  Carolina,  has 
shown  me  in  what  relation  the  different  types  of  Crinoids  of  past  ages  stand  to 


doxus  Trims.  Zool  Sot.,  i.  p.  221 ;  Proc.  Zool.  Soc, 
ii.  p.  43;  Ann.  8ft  Nut.,  2d  ter.  ii.  p.  303;  iii. 
p.  230.  —  On  the  Generation  of  the  Mnrxupial  Ani- 
maL>,  etc.,  Phil.  Trail*.,  1824,  p.  333.  —  Mkics, 


(Cn.,)  Observation*  on  the  Reproductive  Organs  and 
on  the  Ftrtu*  of  Delphinus  Xe.iarnak,  Journ.  Ac. 
Nat.  Sc.  Phil.,  new  wr.  1849,  vol.  1,  p.  267. 
1  Agassij:,  (L.,)  Twelve  Lectures,  etc.,  page  8. 
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these  changes,  and  has  furnished  a  standard  to  determine  their  relative  rank;  as 
it  cannot  be  doubted,  that  the  earlier  stages  of  growth  of  an  animal  exhibit  a 
condition  of  relative  inferiority,  when  contrasted  with  what  it  grows  to  be,  after 
it  has  completed  its  development,  and  before  it  enters  upon  those  phases  of  its 
existence  which  constitute  old  oge,  and  certain  curious  retrograde  metamorphoses 
observed  among  parasites. 

In  the  young  Comatula  there  exists  a  stem,  by  which  the  little  animal  is 
attached,  either  to  sea  weeds,  or  to  the  cirrhi  of  the  parent;  the  stem  is  at  first 
simple  and  without  cirrhi,  supporting  a  globular  head,  upon  which  the  so-called  arms 
are  next  developed  and  gradually  completed  by  the  appearance  of  branches;  a  few 
cirrhi  are,  at  the  same  time,  developed  upon  the  stem,  which  increase  in  number 
until  they  form  a  wreath  between  the  arms  and  the  stem.  At  last,  the  crown 
having  assumed  all  the  characters  of  a  diminutive  Comatula,  drops  off,  freeing  itself 
from  the  stem,  and  the  Comatula  moves  freely  as  an  independent  animal.1 

The  classes  of  Crustacea  and  of  Insects,1  are  particularly  instructive  in  this 
respect  Rathke,  however,  has  described  the  transformations  of  so  many  Crustacea, 
that  I  cannot  do  better  than  to  refer  to  his  various  papers  upon  this  subject,*  for 
details  relating  to  the  changes  these  animals  undergo  during  their  earlier  stages  of 
growth.  I  would  only  add,  that  while  the  embryo  of  the  highest  Crustacea,  the 
Brachyura,  resembles  by  its  form  and  structure  the  lowest  types  of  this  class,  as  the 
Entomostraca  and  Isopoda,  it  next  assumes  the  shape  of  those  of  a  higher  order, 
the  Macroura,  before  it  appears  with  all  the  characteristics  of  the  Brachyura. 

Embryology  furnishes,  also,  the  best  measure  of  the  true  affinities  existing 
between  animals.  I  do  not  mean  to  say,  that  the  affinities  of  animals  can  only  be 
ascertained  by  embryonic  investigations;  the  history  of  Zoology  shows,  on  the  con- 
trary, that  even  before  the  study  of  the  formation  and  growth  of  animals  had 
become  a  distinct  branch  of  physiology,  the  general  relationship  of  most  animals  had 
already  been  determined,  with  a  remarkable  degree  of  accuracy,  by  anatomical  inves- 
tigations. It  is,  nevertheless,  true,  that  in  some  remarkable  instances,  the  knowledge 
of  the  embryonic  changes  of  certain  animals  gave  the  first  clue  to  their  true  affini- 
ties, while,  in  other  cases,  it  has  furnished  a  very  welcome  confirmation  of  relation- 
ships, which,  before,  could  appear  probable,  but  were  still  very  problematical.  Even 
Cuvier  considered,  for  instance,  the  Barnacles  as  a  distinct  class,  which  he  placed 


1  A  condensed  account  of  the  transformations  of 
the  European  Comatula,  may  be  found  in  E. 
Fohbes's  History  of  the  BritUh  Starfishes,  p.  10. 
The  embryology  of  our  species  will  be  illustrated 
in  one  of  my  next  volumes. 


*  See  Agassix's  Twelve  Lecture*,  p.  62,  and 
Classification  of  Insects,  etc,  q.  a.  It  is  expected 
that  Embryology  may  furnish  the  means  of  ascer- 
taining the  relative  standing  of  every  family. 

•  See  above,  page  7«J,  note  2. 
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among  Mollusks,  under  the  name  of  Cirripeds.  It  was  not  until  Thompson1  had 
shown,  what  was  «oon  confirmed  by  Burmeister  and  Martin  St.  Ange,  that  the 
young  Bornncle  has  a  structure  and  form  identical  with  that  of  some  of  the  roost 
common  Entotnostraca,  that  their  true  position  in  the  system  of  animals  could  be 
determined;  when  they  had  to  he  removed  to  the  class  of  Crustacea,  among  Articu- 
lata.  The  same  was  the  case  with  the  Lernaeans,  which  Cuvier  arranged  with  the 
Intestinal  Worms,  and  which  Nordmann  has  shown  upon  embryological  evidence  to 
belong  also  to  the  class  of  Crustacea.1  Lamarck  associated  the  Crinoida  with  Polypi, 
and  though  they  were  removed  to  the  class  of  Echinoderms  by  Cuvier,  before  the 
metamorphoses  of  the  Comatula  were  known,8  the  discovery  of  their  pedunculated 
young  furnished  a  direct  proof  that  this  was  their  true  position. 

Embryology  affords  further  a  test  for  homologies  in  contradistinction  of  analogies. 
It  shows  that  true  homologies  are  limited  respectively  within  the  natural  boundaries 
of  the  great  branches  of  the  animal  kingdom. 

The  distinction  between  homologies  and  analogies,  upon  which  the  English  natu- 
ralists have  first  insisted*  has  removed  much  doubt  respecting  the  real  affinities  of 
animals  which  could  hardly  have  boen  so  distinctly  appreciated  before.  It  has 
taught  us  to  distinguish  between  real  affinity,  based  upon  structural  conformity,  and 
similarity,  based  upon  mere  external  resemblance  in  form  and  habits.  But  even  after 
this  distinction  had  been  fairly  established,  it  remained  to  determine  within  what 
limits  homologies  may  be  traced.  The  works  of  Oken,  Spix,  Geoffroy,  and  Carus,4 
show  to  what  extravagant  comparisons  a  preconceived  idea  of  unity  may  lead.  It 
was  not  until  Baer  had  shown  that  the  development  of  the  four  great  branches  of 
the  animal  kingdom  is  essentially  different,8  that  it  could  even  be  suspected  that 
organs  performing  identical  functions  may  be  different  in  their  essential  relations  to 
one  another,  and  not  until  Bathke7  had  demonstrated  that  the  yolk  is  in  open 
communication  with  the  main  cavity  of  the  Articulata,  on  the  dorsal  side  of  the 
animal  and  not  on  the  ventral  side,  as  in  Vertebrata,  that  a  solid  basis  was  ob- 
tained for  the  natural  limitation  of  true  homologies.  It  now  appears  more  and 
more  distinctly,  with  every  step  of  the  progress  Embryology  is  making,  that  the 
structure  of  animals  is  only  homologous  within  the  limits  of  the  four  great  branches 


1  TnoMrsox's  ZooL  Researches,  etc. ;  Bckmeis- 
ter's  Bcitriigc,  etc ;  Martin  St.  Ange,  Mdm.  sur 
F organisation,  etc.,  quoted  above,  page  79,  note  1. 

*  Nordmaxn's  Mi  orogranliische  Beytriige,  q.  a. 

*  Thompson  and  Fokiies,  q.  a.,  page  79. 

*  Swainbon's  Geography  and  Clawiacation,  etc. 
See  above,  Sect.  V,  p.  20. 


'  See,  above,  Sect.  IV.,  notes  1  and  2. 

•  Bakr's  Entwickelungsgcschicbte,  voL  1,  p.  160 
and  224.  The  extent  of  Baer'a  information  and  the 
comprehensiveness  of  his  views,  nowhere  appear  so 
strikingly  as  in  this  port  of  his  work. 

'  Rathkk's  Untcra.  ubcr  Bild.,  etc.,  sec,  above,  p. 
79,  note  2. 
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of  the  animal  kingdom,  and  that  general  homology  strictly  proved,  proves  also 
typical  identity,  as  special  homology  proves  class  identity. 

The  results  of  all  embryonic  investigations  of  modern  times  go  to  show  more 
and  more  extensively,  that  animals  are  entirely  independent  of  external  causes  in 
their  development.  The  identity  of  the  metamorphoses  of  oviparous  and  viviparous 
animals  belonging  to  the  same  type,  furnishes  the  most  convincing  evidence  to  that 
effect1  Formerly  it  was  supposed  that  the  embryo  could  be  affected  directly  by 
external  influences  to  such  an  extent,  that  monstrosities,  for  instance,  were  ascribed  to 
the  influence  of  external  causes.  Direct  observation  has  shown,  that  they  arc 
founded  upon  peculiarities  of  the  normal  course  of  their  development'  The  snug 
berth  in  which  the  young  undergo  their  first  transformation  in  the  womb  of  their 
mother  in  all  Mammalia,  excludes  so  completely  the  immediate  influence  of  any 
external  agent,  that,  it  is  only  necessary  to  allude  to  it  to  show  how  independent 
their  growth  must  be  of  the  circumstances  in  which  even  the  mother  may  be  placed. 
This  is  equally  true  of  all  other  viviparous  animals,  as  certain  snakes,  certain  sharks, 
and  the  viviparous  fishes.  Again,  the  uniformity  of  temperature  in  the  nests  of  birds, 
and  the  exclusion,  to  a  certain  degree,  of  influences  which  might  otherwise  reach 
them,  in  the  various  structures  animals  build  for  the  protection  of  their  young  or  of 
their  eggs,*  show  distinctly,  that  the  instinct  of  all  animals  leads  them  to  remove 
their  progeny  from  the  influence  of  physical  agencies,  or  to  make  these  agents  sub- 
servient to  their  purposes,  as  in  the  case  of  the  ostrich.  Reptiles  and  terrestrial 
Mollusks  bury  their  eggs  to  subtract  them  from  varying  influences;  fishes  deposit 
them  in  localities  where  they  are  exposed  to  the  least  changes.    Insects  secure  theirs 


1  This  seems  the  most  appropriate  place  to  re- 
mark, that  the  distinction  made  between  viviparous 
and  oviparous  animals  is  not  only  untenable  as  far  as 
their  first  origin  in  the  egg  is  concerned,  but  also  un- 
physiological,  if  it  is  intended,  by  this  designation,  to 
convey  the  idea  of  any  affinity  or  resomblance  in  their 
respective  modes  of  development,  h  ishes  show  more 
distinctly  than  any  other  class,  that  animals,  the  devel- 
opment of  which  Is  Identical,  in  all  it*  leading  feat- 
ures, may  either  be  viviparous  or  oviparous ;  the  dif- 
ference here  arising  only  from  the  connection  in 
which  the  egg  is  developed,  and  not  from  the  devel- 
opment itself.  Again,  viviparous  and  oviparous  ani- 
mals of  different  classes  differ  greatly  in  their  devel- 
opment, even  though  they  may  agree  in  laying  eggs 
or  bringing  forth  living  young.  The  essential  feature 
upon  which  any  important  generalization  may  be 


based,  is,  of  course,  the  mode  of  development  of  the 
germ.  In  this  respect  we  find  that  Selachians,  whe- 
ther oviparous  or  viviparous,  agree  with  one  another ; 
this  is  also  the  case  with  the  bony  fishes  and  the  rep- 
tiles, whether  they  are  respectively  oviparous  or  vivi- 
parous ;  even  the  phuvntalian  and  non-placcntalian 
Mammalia  agree  with  one  another  in  what  is  essential 
in  their  development-  Too  much  importance  has  thus 
far  been  attached  to  the  connection*  in  which  the  germ 
is  developed,  to  the  exclusion  of  the  leading  features 
of  the  transformations  of  Uie  germ  itself. 

11  Bisuofk,  (Th.  L.  AV.,)  in  R.  Wagner's  Hand- 
wiirterbuch  der  Physiologic,  Article  "  Entwickelungs- 
geseUdrte,"  P.  885. 

*  Bvri>ach 's  Physiologic,  etc.,  q.  a.  vol.  2,  2d  cd. 
Sect.  334-38.    Sec,  also,  Kirbt  and  Spksce's  Intro- 
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in  various  ways.  Most  marine  animals  living  in  extreme  climates,  lay  their  eggs  in 
winter,  when  the  variations  of  external  influences  are  reduced  to  a  minimum. 
Everywhere  we  find  evidence  that  the  phenomena  of  life,  though  manifested  in  the 
midst  of  all  the  most  diversified  physical  influences,  are  rendered  independent  of 
them  to  the  utmost  degree,  by  a  variety  of  contrivances  prepared  by  the  animals 
themselves,  in  self-protection,  or  for  the  protection  of  their  progeny  from  any  influ- 
ence of  physical  agents  not  desired  by  them,  or  not  subservient  to  their  own  ends. 


SECTION  XIX. 

DURATION  OF  LIFK. 

There  is  the  most  extraordinary  inequality  in  the  average  duration  of  the  life  of 
different  kinds  of  animals  and  plants.  While  some  grow  and  reproduce  themselves 
and  die  in  a  short  summer,  nay,  in  a  day,  others  seem  to  defy  the  influence  of 
time.1 

Who  has  thus  apportioned  the  life  of  all  organized  beings?  To  answer  this 
question,  let  us  first  look  at  the  facts  of  the  case.  In  the  first  place,  there  is  no 
conformity  between  die  duration  of  life  and  either  the  size,  or  structure,  or  habitat 
of  animals;  next,  the  system,  in  which  the  changes  occurring  during  any  period  are 
regulated,  differs  in  almost  every  species,  there  being  only  a  slight  degree  of  uni- 
formity between  the  representatives  of  different  classes,  within  certain  limits. 

In  most  Fishes  and  the  Reptiles  proper,  for  instance,  the  growth  is  very  gradual 
and  uniform,  and  their  development  continues  through  life,  so  much  so  that  their 
size  is  continually  increasing  with  age. 

In  others,  the  Birds,  for  instance,  the  growth  is  rapid  during  the  first  period  of 
their  life,  until  they  have  acquired  their  full  size,  and  then  follows  a  period  of  equi- 
librium, which  lasts  for  a  longer  or  shorter  period  in  different  species. 

In  others  still,  which  also  acquire  within  certain  limits  a  definite  size,  the  Mam- 
malia, for  instance,  the  growth  is  slower  in  early  life,  and  maturity  is  attained,  as  in 
man,  at  an  age  which  forms  a  much  longer  part  of  the  whole  duration  of  life. 

In  Insects,  the  period  of  maturity  is,  on  the  contrary,  generally  the  shortest, 
while  the  growth  of  the  larva  may  be  very  slow,  or,  at  least,  that  stage  of  develop- 
ment last  for  a  much  longer  time  than  the  life  of  the  perfect  Insects.    There  is  no 

1  Scni:BLKR,  (Gtst..)  Beobarhtunp  -i  Uber  jiihr-  Tliier-  und  Pflanienreioh,  Tubingen,  1831,  8va— 
liche  periodUch  wiederkehreudu  Erscheinungen  im       Qi  etelet,  (A.,)  PMnomenes  p«riodiquts,  Ac.  Brux. 
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more  striking  example  of  this  peculiar  mode  of  growth  than  the  seventeen  years 
locust,  so  fully  traced  by  Miss  M.  H.  Morris.1 

While  all  longlived  animals  continue,  as  a  matter  of  course,  their  existence 
through  a  series  of  years,  under  the  varying  influence  of  successive  seasons,  there 
are  many  others  which  arc  periodical  in  their  appearance;  this  is  the  case  with  most 
insects,1  but  perhaps  in  a  still  more  striking  manner  with  Medusas* 

The  most  interesting  point  in  this  subject  is  yet  the  change  of  character  which 
takes  place  in  the  different  stages  of  growth  of  one  and  the  same  animal.  Neither 
Vertebrata,  nor  Mollusks,  nor  even  Radiata  exhibit  in  this  respect  any  thing  so 
remarkable  in  the  continuous  changes  which  an  individual  animal  may  undergo,  as 
the  Insects,  and  among  them  those  with  so-called  complete  metamorphoses,  in  which 
the  young  (the  larva)  may  be  an  active,  wormlikc,  voracious,  even  carnivorous 
being,  which  in  middle  life  (the  chrysalis)  becomes  a  mummy  like,  almost  motionless 
maggot,  incapable  of  taking  food,  ending  life  as  a  winged  and  active  insect  Some 
of  these  larva3  may  be  aquatic  and  very  voracious,  when  the  perfect  insect  is  aerial 
and  takes  no  food  at  all.4 

Is  there  any  thing  in  this  regulation  of  the  duration  of  life  in  animals  which 
recalls  the  agency  of  physical  forces?  Docs  not,  on  the  contrary,  the  fact,  that 
while  some  animals  arc  periodical  and  bound  to  the  seasons  in  their  appearance, 
and  others  are  independent  of  the  course  of  the  year,  show  distinctly  their  independ- 
ence of  all  those  influences  which,  under  a  common  expression,  are  called  physical 
causes  ?  Is  this  not  further  illustrated  in  the  most  startling  manner  by  the  extraor- 
dinary changes,  above  alluded  to,  which  one  and  the  same  animal  may  undergo 
during  different  periods  of  its  life?  Docs  this  not  prove  directly  the  immediate 
intervention  of  a  power  capable  of  controlling  all  these  external  influences,  as  well 
as  regulating  the  course  of  life  of  every  being,  and  establishing  it  upon  such  an 
immutable  foundation,  within  its  cycle  of  changes,  that  the  uninterrupted  action  of 
these  agents  sliall  not  interfere  with  the  regular  order  of  their  natural  existence? 

There  is,  however,  still  another  conclusion  to  be  drawn  from  these  facts:  they 
point  distinctly  at  a  discriminating  knowledge  of  time  and  space,  at  an  appreciation 
of  the  relative  value  of  unequal  amounts  of  time  and  an  unequal  repartition  of 
small,  unequal  periods  over  longer  periods,  which  can  only  be  the  attribute  of  a 
thinking  being. 


1  Harris's  Inm-cts  injurious  to  Vegetation,  p.  184. 

*  IIerolp,  (E-,)  Teutscher  Raupen-Kalender, 
Xordhau-wn,  1845. 

•  Aoassu's  Acalephs  <jf  North  America,  p.  228. 

12 


*  Blrmk.istkr's  Hiuidb.  d.  Rntom.  etc-  —  Lacor- 
daire,  Introd.  a  1'Entonwlogie,  etc.  —  Kirbt  and 
Spence,  Introd.  to  EntomoL,  ete,  q.  a.,  give  aocounu 
of  the  habit*  of  Insect*  during  their  metamorphosis. 
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SECTION  XX. 

ALTERNATE  GENERATIONS. 

While  some  animals  go  on  developing  gradually  from  the  first  formation  of  their 
germ  to  the  natural  end  of  their  life,  and  bring  forth  generation  after  generation,  a 
progeny  which  runs  with  never  varying  regularity  through  the  same  course,  there 
are  others  which  multiply  in  various  ways,  by  division  and  by  budding,1  or  by  a 
strange  succession  of  generations,  differing  one  from  the  other,  and  not  returning,  by 
a  direct  course,  to  their  typical  cycle. 

The  facts  which  have  led  to  the  knowledge  of  the  phenomena  now  generally 
known  under  the  name  of  alternate  generation,  were  first  observed  by  Chamisso  and 
Sars,  and  afterwards  presented  in  a  methodical  connection  by  Steenstrup,  in  his 
famous  pamphlet  on  that  subject*  As  a  brief  account  of  the  facts  may  be  found  in 
almost  every  text-book  of  Physiology,  I  need  not  repeat  them  here,  but  only  refer 
to  the  original  investigations,  in  which  all  the  details  known  upon  this  subject  may 
be  found.*  These  facts  show,  in  the  first  place  with  regard  to  Hydroid  Medusa?,  that 
the  individuals  born  from  eggs,  may  be  entirely  different  from  those  which  produced 
the  eggs,  and  end  their  life  without  ever  undergoing  themselves  such  changes  as 
would  transform  them  into  individuals  similar  to  their  parents;*  they  show  further, 


1  Much  information  useful  to  the  zoologist,  niny 
be  gathered  from  Bhai  n"s  paper  upon  the  Budding 
of  Plants,  q.  n.,  p.  18,  note  8.  The  process  of  multi- 
plication by  budding  or  by  division,  and  that  of  -"ml 
reproduction,  are  too  often  confounded  by  zoologist*, 
and  this  confusion  has  already  led  to  serious  mis- 
constructions of  well  known  facts. 

*  Steenstrup,  (J»)  Ueber  den  Generationsweeh- 
sel,  q.  a^  p.  69,  note  3. 

•  See  the  works  quoted  above,  page  69,  note  3, 
and  p.  7<>,  note  1,  also  Carl  s,  (V.,)  Zur  niihern  Kennt- 
niss  de*  Gencmtionswechscls,  Leipzig.  IS  19,  8vo. — 
Einige  Worte  Uber  Metamorphose  und  Gencrations- 
wecusel,  Zcit/sch.  f.  wis*.  Zool.,  1851,  vol.  3,  p.  359. 
—  Owen,  (R.,)  On  Parthenogenesis,  or  the  Succes- 
sive Production  of  Procreating  Individuals  from  a 
single  Ovum,  London,  1849,  8vo.  —  On  Metamor- 
phosis and  Metagenesis,  Ann.  and  Mag.  Nat.  Hist., 


2d  ser.  vol.  8,  1857,  p.  59.  —  Puosai,  (V.,)  Om 
Parthenogenesis  og  Generationsvexel  et  Bidrng  til 
Genemtionslseren,  Kiohcnhavn,  1851.  —  Lkix'Kakt, 
(R..)  Ueber  Metamorphose,  ungesehlechtliche  Ver- 
mehning,  Generations wechsel,  Zeitsch.  f.  wis*.  Zool,, 
vol  3,  1851.  — Dana,  (J.  I).,)  On  the  Analogy 
between  the  Mode  of  Reproduction  in  Plants  and  the 
"Alternation  of  Generations"  observed  in  some 
Radiata,  Amer.  Journ.  A  and  Sc.,  2d  ser.  voL  10, 
p.  341.  —  Ehkesbebo,  (C.  G..)  Ueber  die  Formen- 
bestiindigkeit  und  di  n  Entwickelungskreis  der  orgn- 
nischen  Fonnen,  Monatsber.  der  Akad.,  Berlin,  1852, 
8vo. 

*  Polymorphism  among  individuals  of  the  sumo 
species  is  not  limited  to  Acalcphs  ;  it  is  also  observed 
among  genuine  Polyps,  the  Madrepores,  for  example, 
and  among  Bryozoa,  Aseidians,  Worms,  Crustacea 
(Lupea),  and  even  among  Insects  (Bees). 
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that  this  brood  originating  from  eggs,  may  increase  and  multiply  by  producing  new 
individuals  like  themselves  (Svncoryne),  or  of  two  kinds  (Cnmpanularia),  or  even  indi- 
viduals of  various  kinds,  differing  all  to  a  remarkable  extent,  one  from  the  other, 
(Tlydractinia,)  but  in  neither  case  resembling  their  common  parent  None  of  these 
new  individuals  have  distinct  reproductive  organs,  any  more  than  the  first  indi- 
viduals born  from  eggs,  their  multiplication  taking  place  chiefly  by  the  process  of 
budding ;  but  as  these  buds  remain  generally  connected  with  the  first  individual 
born  from  an  egg,  they  form  compound  communities,  similar  to  some  polypstocks. 
Now  some  of  these  buds  produce,  at  certain  seasons,  new  buds  of  an  entirely  differ- 
ent kind,  wliich  generally  drop  off  from  the  parent  stock,  at  an  early  period  of  their 
development,  (as  in  Syncoryna,  Campanularia,  etc.,)  and  then  undergo  a  succession  of 
changes,  which  end  by  their  assuming  the  character  of  the  previous  egg-laying 
individuals,  organs  of  reproduction  of  the  two  sexes  developing  meanwhile  in  them, 
which,  when  mature,  lead  to  the  production  of  new  eggs;  in  others  (as  in  Hydrac- 
tinia,)  the  buds  of  this  kind  do  not  drop  off,  but  fade  away  upon  the  parent  stock, 
after  having  undergone  all  their  transformations,  and  also  produced  in  due  time,  a 
number  of  eggs.1 

In  the  case  of  the  Medusae  proper,1  the  parent  lays  eggs,  from  which  originate 
polyplikc  individuals ;  but  here  these  individuals  divide  by  transverse  constrictions 
into  a  number  of  disks,  every  one  of  wliich  undergoes  a  succession  of  changes,  which 
end  in  the  production  of  as  many  individuals,  each  identical  with  the  parent,  and 
capable  in  its  turn,  of  laying  eggs,  (some,  however,  being  males  and  others  females.) 
But  the  polyplike  individuals  born  from  eggs  may  also  multiply  by  budding  and 
each  bud  undergo  the  same  changes  as  the  first,  the  base  of  which  does  not  die,  but 
is  also  capable  of  growing  up  again  and  of  repeating  the  same  process. 

In  other  classes  other  phenomena  of  a  similar  character  have  been  observed, 
which  bear  a  similar  explanation.  J.  Miiller8  has  most  fully  illustrated  the  alter- 
nate generations  of  the  Echinoderms;  Chamisso,  Steenstrup,  Eschricht,  Kmhn,  and 
Sars,  those  of  the  Salpse ; 4  von  Siebold,  Steenstrup,  and  others,  those  of  certain  Intes- 
tinal Worms.4 

This  alternate  generation  differs  essentially  from  metamorphosis,  though  some 

1  I  have  observed  many  other  combination*  of  a  Siphonophora,  see  the  works  quoted  above,  p.  69, 

cimilar  character  among  the  Hydruid  Medusar,  wliich  note  3. 

I  shall  describe  at  full  length  in  my  second  volume;  -  See  Siebold,  and  Sars,  q.  a.,  p.  69,  note  3. 

and  to  which  I  do  not  allude  here,  as  they  could  not  *  Mvller,  (J.,)  Ueber  den  allgcmeinen  Plan, 


be  understood  without  numerous  drawing!!.     The  etc.,  q.  a-,  p.  70,  note  1. 

owe  of  Hydractinia  is  not  quite  correctly  repre-  *  See  the  works,  q.  a.,  pagu  72,  note  4. 

tented  in  the  works  in  which  that  animal  has  been  *  See  the  works,  q.  a.,  page  7G,  note  2,  and  77, 

described.      Respecting    l'hysalia   and    the    other  note  1. 
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writers  have  attempted  to  identify  these  two  processes.  In  metamorphosis,  as 
observed  among  Insects,  the  individual  born  from  an  egg  goes  on  undergoing  change 
after  change,  in  direct  and  immediate  succession,  until  it  has  reached  its  finid  trans- 
formation;  but  however  different  it  may  be  at  different  periods  of  it*  life,  it  is 
always  one  and  the  same  individual  In  alternate  generations,  the  individual  born 
from  an  egg  never  assumes  through  a  succession  of  transformations  the  character  of 
its  parent,  but  produces,  either  by  internal  or  external  budding  or  by  division,  a 
number,  sometimes  even  a  large  number  of  new  individuals,  and  it  is  this  progeny 
of  the  individuals  born  from  eggs,  which  grows  to  assume  again  the  characters  of 
the  egg-laying  individuals. 

There  is  really  an  essential  difference  between  the  sexual  reproduction  of  most 
animals,  and  the  multiplication  of  individuals  in  other  ways.  In  ordinary  sexual 
reproduction,  every  new  individual  arises  from  an  egg,  and  by  a  regular  succession 
of  changes  assumes  the  character  of  its  parent*,  Now,  though  all  species  of  animals 
reproduce  their  kind  by  eggs,  and  though  in  each  there  is  at  least  a  certain  number 
of  individuals,  if  not  all,  which  have  sprung  from  eggs,  tins  mode  of  reproduction  is 
not  the  only  one  observed  among  animals.  We  have  already  seen  how  new  individ- 
uals may  originate  from  buds,  which  in  their  turn  may  produce  sexual  individuals ; 
we  have  also  seen  how,  by  division,  individuals  may  also  produce  other  individuals 
differing  from  themselves  quite  as  much  as  the  sexual  buds,  alluded  to  above,  may 
differ  from  the  individuals  which  produce  them.  There  are  yet,  still  other  com- 
binations in  the  animal  kingdom.  In  Polyps,  for  instance,  every  bud,  whether  it 
is  freed  from  the  parent  stock  or  not,  grows  at  once  up  to  be  a  new  sexual 
individual;  while  in  many  animals  which  multiply  by  division,  every  new  individual 
thus  produced  assumes  at  once  the  characters  of  those  born  from  eggs.1  There 
is,  finally,  one  mode  of  reproduction  which  is  peculiar  to  certain  Insects,  in  which 
several  generations  of  fertile  females  follow  one  another,  before  males  appear  again.1 

What  comprehensive  views  the  physical  agents  must  be  capable  of  taking,  and 
what  a  power  of  combination  they  must  possess,  to  be  able  to  ingraft  all  these 
complicated  modes  of  reproduction  upon  structures  already  so  complicated !  —  But 
if  we  turn  away  from  mere  fancies  and  consider  the  wonderful  phenomena  just 
alluded  to,  in  all  their  bearings,  how  instructive  they  appear  with  reference  to  this 
very  question  of  the  influence  of  physical  agents  upon  organized  beings!  For  here 
we  have  animals  endowed  with  the  power  of  multiplying  in  the  most  extraordinary 
ways,  every  species  producing  new  individuals  of  its  own  kind,  differing  to  the  utmost 
from  their  parents.     Docs  this  not  seem,  at  first,  as  if  we  had  before  us  a  perfect 


1  Milne-Edward*,  Reck  anut.  el  rool.  faiu-s  pen-  «  Owen,  Parlheiiojronenis,  etc.,  q.  a.,  p.  90.— Bon- 

dant  un  Voyage  sur  leg  cokv.  de  Sicile,  3  vol*.  4to.  fig.       ket,  (Cu.,)  Truile  d'Insectologie,  etc,  Paris,  1745. 
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exemplification  of  the  manner  in  which  different  species  of  animals  may  originate,  one 
from  the  other,  and  increase  the  number  of  types  existing  at  first  ?  And  yet,  with  all 
this  apparent  freedom  of  transformation,  what  do  the  facts  finally  show?  That  all 
these  transformations  are  the  successive  terms  of  a  cycle,  as  definitely  closed  within 
precise  limits,  as  in  the  case  of  animals,  the  progeny  of  which  resembles  for  ever 
the  immediate  parent,  in  all  successive  generations.  For  here,  as  everywhere  in 
the  organic  kingdoms,  these  variations  are  only  the  successive  expressions  of  a 
well  regulated  cycle,  ever  returning  to  its  own  type. 


SECTION  XXI. 

SUCCESSION  OF  ANIMALS  AND  PLANTS  LV  GEOLOGICAL  TIMES. 

Geologists  hardly  seem  to  appreciate  fully,  the  whole  extent  of  the  intricate 
relations  exhibited  by  the  animals  and  plants  whose  remains  are  found  in  the 
different  successive  geological  formations.  I  do  not  mean  to  say,  that  the  investi- 
gations we  possess  respecting  the  zoological  and  botanical  characters  of  these  remains 
are  not  remarkable  for  the  accuracy  and  for  the  ingenuity  with  which  they  have 
been  traced.  On  the  contrary,  having  myself  thus  far  devoted  the  better  part  of 
my  life  to  the  investigation  of  fossil  remains,  I  have  learned  early,  from  the  difficul- 
ties inherent  in  the  subject,  better  to  appreciate  the  wonderful  skill,  the  high 
intellectual  powers,  the  vast  erudition  displayed  in  the  investigations  of  Cuvier 
and  his  successors  upon  the  faunae  and  flora)  of  past  ages.1     But  I  cannot  refrain 


1  CtrviEB,  (G.,)  Recherche*  uur  les  Ossemens 
fawiles  de  Quadruples,  etc.,  Paris,  1812,  4  vol*. 
4tc;  nouv.  Mit.  Paris,  1821-23,  5  vol*.  4to. ;  4c 
i(\\U  10  vols.  8vo.  and  2  vols.  pi.  4to. —  Sowerbt, 
(Jambs,)  The  Mineral  Conchology  of  Great  Britain, 
London,  1812-19,  C  vols.  8vo.  fig.  —  Sciilotthbix, 
(K.  F.  v.,)  Die  Pelrefactenkunde,  etc.,  Gotha,  1820, 
8vo.  fly. —  Lamarck,  (J.  B.  i>k,)  Mi!moires  sur  les 
fossiles  de*  environs  de  Paris,  Paris,  1823,  4lo.  fig.— 
Oflllll UH,  (G.  A.,)  Petrefacta  Germanise,  DUssel- 
dorf,  1826-33,  fol.  fig. —  Sterxbf.ro,  (Kastar,  M. 
Gr.  v..)  Versuch  einer  gcognostisch-botunUchcn  Dar- 
Mrllung  der  Flora  der  Vorwelt,  Leipzig  und  Prag, 
1820-38.  fol.  fig. —  BRONOMART,  (Al».,)  Prodrome 
d'une  Ilistoirc  des  Vegetaux  fossiles,  Paris,  1818, 


2  vols.  8vo.  —  Histoire  des  Vegetaux  fossiles,  Paris, 
1828-43,  2  vols.  4to.  fig.  —  Lindlet,  (J.,)  and  Hct- 
ton,  (W.,)  The  Fossil  Flora  of  Great  Britain,  Loo- 
don,  1831-37,  8  vols.  8vo.  — Gopi-but,  (H.  IL,) 
Sy*lema  Filicum  fossilium,  VratUL  et  Bonnie,  1836, 
4to.  fig.  —  Die  Gattungen  der  fossilen  Pflonzcn,  ver- 
glichen  mit  denen  der  Jetztwelt,  etc.,  Bonn,  1841- 
48,  4to.  fig.  —  Monographie  der  fossilen  Coniferen. 
Dtisseldorf,  18.10.  4to.  fig.  — More  special  works  are 
quoted  hereafter,  but  only  such  works  shall  be  men- 
tioned, which  have  led  on,  in  the  progress  of  Geology 
and  Palieontology,  or  contain  full  re|Kirts  of  the  pres- 
ent state  of  our  science,  and  also  sueh  as  have 
speciid  reference  to  America.  References  to  the 
description  of  »|>ecies  may  be  found  in  Bronx, 
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from  expressing  my  wonder  at  the  puerility  of  the  discussions  in  which  some  geol- 
ogists allow  themselves  still  to  indulge,  in  the  face  of  such  a  vast  amount  of  well 
digested  facts  as  our  science  now  possesses.  They  have  hardly  yet  learned  to  see 
that  there  exists  a  definite  order  in  the  succession  of  these  innumerable  extinct 
beings;  and  of  the  relations  of  this  gradation  to  the  other  great  features  exhibited 
by  the  animal  kingdom,  of  the  great  fact,  that  the  development  of  life  is  the  promi- 
nent trait  in  the  history  of  our  globe,1  they  seem  either  to  know  nothing,  or  to 
look  upon  it  only  as  a  vague  speculation,  plausible  perhaps,  but  hardly  deserving 
the  notice  of  sober  science. 

It  is  true,  Palaiontology  as  a  science  is  very  young;  it  has  had  to  fight  its 
course  through  the  unrelenting  opposition  of  ignorance  and  prejudice.  What  amount 
of  labor  and  patience  it  has  cost  only  to  establish  the  fact,  that  fossils  are  really 
the  remains  of  animals  and  plants  that  once  actually  lived  upon  earth,*  only  those 
know,  who  are  familiar  with  the  history  of  science.  Then  it  had  to  be  proved, 
that  they  are  not  the  wrecks  of  the  Mosaic  deluge,  which,  for  a  time,  was  the 
prevailing  opinion,  even  among  scientific  men*  After  Cuvier  had  shown,  beyond 
question,  that  they  are  the  remains  of  animals  no  longer  to  be  found  upon  earth, 
among  the  living,  Palaeontology  acquired  for  the  first  time  a  Bolid  basis.  Yet  what 
an  amount  of  labor  it  has  cost  to  ascertain,  by  direct  evidence,  how  these  remains 
are  distributed  in  the  solid  crust  of  our  globe,  what  are  the  differences  they  exhibit 
in  successive  formations,4  what  is  their  geographical  distribution,  only  those  can 


(II.  G.,)  Index  paheonloloBicus,  Stuttgart,  1848-49, 
8  vols.  8vo.  —  See  also,  Kefersteix,  (Ciir.,)  Ge- 
sehichtc  und  Literatur  <ier  Geognosie,  Halle,  1840, 
1  vol.  8vo.  —  Archiac,  (Vic.  d',)  Histoirc  den  pro- 
gres  de  In  Geologie,  TarU,  1817,  et  isuiv,  4  vol*. 
8vo. ;  and  the  Transactions,  Journals,  and  Proceed- 
ing* of  the  Geological  Society  of  London,  of  Paris, 
of  Berlin,  of  Vienna,  etc. ;  also,  Leomiard  and 
Bkonn's  Neues  Juhrbuch,  etc, 

1  Agassiz's  Geological  Times,  etc.,  q.  a.,  p.  25, 
note  2.  —  Dasa's  Address  to  the  Amer.  Ass.  for  Adv. 
Sc.  8th  Meeting,  held  at  Providence,  1855. 

1  Sulla,  (Ag.,)  La  vana  epecuhizionc  desin- 
gaunata  dal  sense.    Napoli,  1C70,  4to.  fig. 

•  ScilELCHZKR,  (J.  J.,)  Homo  Diluvii  testis  et 
Oraaxmo,;  Tiguri,  172G,  4to.  — Blcklakd,  (W.,) 
Reliquia:  diluviaiuc,  or  Observations  on  the  Organic 
Remains  attesting  the  Action  of  an  Universal  Deluge, 
London,  182C,  4to.  fig. 


4  For  references  respecting  the  fossils  of  the 
oldest  geological  formations,  see  the  works,  quoted 
above,  p.  23,  note  1.  Also,  McCot,  (F.,)  Synopsis 
of  the  Silurian  Fossils  of  Ireland,  Dublin,  1840,  4lo. 
fig.  —  Geikitz,  (H.  D.,)  Die  Vereteinerungen  der 
Grauwackenformation,  Leipxig,  1850-58,  4to.  fig. — 
And  for  local  information,  the  geological  reports  of 
the  different  States  of  the  Union,  a  complete  list  of 
which,  with  a  summary  of  the  Geology,  may  be  found 
in  Marcoc's  (J.,)  Resume*  explicatif  d'une  carte 
geologique  des  Etats-Unis,  Bull.  Soc  Geol.  de 
France,  Paris,  1855,  2de  «5r.  vol  12.  — For  the 
Devonian  system:  Phillii>8,  (John,)  Figures  and 
Descriptions  of  the  Palaeozoic  Fossils  of  Cornwall, 
Devon,  and  Westsomersct,  etc^  London,  1841,  8vo. — 
Abciiiac,  (Vic.  t>\)  and  Verneuil,  (Ed.  de,)  Me- 
moir on  the  Fossils  of  the  Older  Deposits  in  the 
Rhenish  Provinces,  Paris,  1842,  4to.  fig.  —  Sand- 
UKRGKR,  (G.  lnd  Fr„)  Sysiematische  Beachrcibung 
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fully  appreciate,  who  have  had  a  hand  in  the  work.1  And  even  now,  how  many 
important  questions  still  await  an  answer! 


ond  Abbildung  dor  Versteinerungen  des  Rheinischen 
Schicbtensystcnu  in  Nassau,  Wiesbaden,  1850-54, 
4to.  fig.  —  For  the  Carboniftrotu  period :  PlllLLtrg, 
(J.,)  Illustrations  of  the  Geology  of  Yorkshire,  Lon- 
don, 1836,  2d  vol,  4to.  fig.  —  DkKonixck.  (L.,) 
Descriptions  des  nnimnux  fossilcs  qui  su  trouvent 
dans  le  terrain  houiller  de  la  Belgique,  Liege,  1842, 
2  vols.  4to.  flg. ;  suppl.,  etc.  —  McCoy,  (Fr.,)  Synop- 
sis of  the  Carboniferous  Fossils  of  Ireland,  Dublin, 
1844,  Ito.  fig. —  Gr.KMAK,  (K.  Fr.,)  Die  Vcrsteine- 
rungen  des  Stcinkohlengcbirges,  Halle,  1844-53, 
foL  fig.  —  Geinitz,  (H.  B*)  Die  Versteinerungen 
der  Steinkohlenformation,  Leipzig,  1855,  fol.  fig. — 
For  the  Permian  tyttem :  Qienstedt,  (A.,)  Ueber 
die  IdentitiU  der  Fetrifieate  des  Thuringischen  und 
Englischcn  Zechstcins,  Wiegman's  Archiv,  1885,  I., 
p.  75.  —  Geisitz,  (H.  B.,)  und  Gutbier,  (A..)  Die 
Versteinerungen  des  Zechsteingebirges,  etc.,  Dres- 
den, 1849,  4to.  fig.  — King,  (W.,)  Monograph  of 
the  Permian  FossiU  of  England,  (Pakront.  Sue.) 
London,  1850,  4to.  fig.  —  For  the  Triatic  system: 
Albf.KTI,  (Fr.  V.,)  Beitrag  zur  einer  Monographic 
des  bunten  Sandsteins,  Musludkalks,  und  Kcupcrs, 
Stuttgart  und  Tubingen,  1834,  8vo.  —  For  the  Jura, 
Phillip*,  (J..)  Illustrations  of  the  Geology  of  York- 
shire, York,  1829,  vol.  1,  4to.  fig.  —  Pcscit,  (G.  G.,) 
Polens  Pahcontologip,  etc.,  Stuttgart,  183G,  4to.  fig. — 
Romer,  (Fr.  A.,)  Die  Versteinerungen  des  nord- 
deutschen  Ooliihen-Gebirgcs,  Hannover,  1836.  4to. 
fig.  —  Zietf.n.  (C.  H.  r.,)  Die  Versteinerungen  WUr- 
temberg*.  Stuttgart,  1830-34.  fol.  fig.  —  ORituiNr, 
(Alc.  d',)  Pnleontologie  francaise.  Pari?,  1840-53, 
8vo.  fig.  —  Morris,  (J.,)  and  Ltcett,  (J.,)  Mollusra 
from  the  Great  Oolite,  (Pala-ont.  Soc.,)  London, 
1850-55, 4to.  fig.  —  For  the  Cretaceous  period:  Mor- 
ton. (S.  G..)  Synopsis  of  tlw  Remains  of  the  Creta- 
ceous Group  of  the  United  States,  Philadelphia.  1834, 
8vo.  fig.  —  ORBiasr,  (Alc.  d',)  Paloont.  franc.,  q.  a. 
—  Geisitz,  (11.  Br..)  Charakteristik  der  Schichten 
Und  Petrefakten  des  Krcidegebirges,  Dresden,  1839- 
42,  4to.  fig.  —  PicTET,  (F.  J.,)  et  Rocx,  (W..) 
Description  des  fossiles  qui  sc  trouvent  dans  les  gri'S 


verts  des  environs  de  Geneve,  Mem.  Soc.  Phys.,  etc., 
Geneve,  1847-52,  vol.  12  et  13.  — Romer,  (F.  A.,) 
Die  Versteinerungen  des  norddcutschen  Kreidege- 
birges,  Hannover,  1841,  4to.  fig.  —  Die  Kreide- 
bildungcn  von  Texas,  Bonn,  1852,  4to.  fig.  —  Revs*, 
(A.  E..)  Die  Versteinerungen  der  bohmisrhen  Kreide- 
formation,  Stuttgart,  1845-46,  4to.  fig.  —  MI'ller, 
(Jos.,)  Monogrnphie  der  Petrefacten  der  Aachener 
Kreideformation,  Bonn,  1851,  4to.  fig.  —  Siiari-e, 
(D.,)  Fossil  I  :•  mains  of  Mollusc*  found  in  the  Chalk 
of  England,  (Palseont.  Soc.,)  London,  1854,  4to.  fig. — 
Hall,  (James,)  Cretaceous  Fossils  of  Nebraska, 
Trans.  Amer.  Acad.,  185C,  vol.  5.  —  For  the  Ter- 
tiaries:  Brocciii,  (G.  B.,)  Conchiologia  fossile  sub- 
nppennina,  etc.,  Milnno,  1814-43,  2  vols.,  4lo.  fig.— 
DesHates,  (G.  P.,)  Description  des  coquilles  fossiles 
des  environs  de  Paris,  1824-37,  3  vols.  4to.  All.— 
Brosn,  (H.  G.,)  Italiens  Tertiargebilde,  Heidelberg, 
1831,  8vo.—  Lea,  (I.,)  Contributions  to  Geology, 
Philadelphia,  1833,  8vo.  fig.  —  Co k had,  (T.  A.) 
Fossil  Shells  of  the  Tertiary  Formations  of  North 
America,  Philadelphia,  1832-36,  8vo.  fig.  —  Grate- 
locp,  (Dr.,)  Conchy liologie  fossile  du  bassin  de 
I'Adour,  etc.,  Bordeaux,  1837, 8vo.  fig.  —  Matiierox, 
(Pn..)  Catalogue  methodique  et  descriptif  des  corps 
organises  fossiles,  etc.,  Marseilles,  1842,  8vo.  — 
Berexdt,  (G.  C.,)  Organische  Reste  im  Bernstein, 
Berlin,  1845-54,  fol.  fig.  — Wood,  (S.  V.,)  A 
Monograph  of  the  Crag  Mollusks,  (Palseont.  Soc.,) 
1848-50,  4to.  fig.  — Edwards,  (F.  E..)  Eocene 
Mollusca,  (Paheont.  Soc.,)  Loadon,  1849-52,  4to.  flg. 
—  Horxess,  (M.,)  Die  fossilen  Mollusken  des  Ter- 
tiiir-Beckena  von  Wien,  Wien,  1851,  4to.  fig.  — 
Bktrich,  (E.,)  Die  Conchylien  des  norddcuUchen 
Tertiiirgebirgcs,  Berlin,  1854-56,  8vo.  fig.  — Tuo- 
mrt,  (M.,)  and  Holmes,  (Fu.  S„)  Fosail*  of  South 
Carolina,  Charleston,  1855-56,  4to.  fig. 

1  Bcch,  (L.  V.,)  Petrifications  recueillies  en 
Anieriqne  par  Mr.  Alex,  de  Humboldt  et  par  Mr. 
Ch.  Degenhard,  Berlin,  1838,  fol.  fig.  —  Orbiiist, 
(Alc.  »',)  Voyage  dans  I'Amcrique  Mcridionale,  etc., 
Paris,  1834-43,  7  vols.  8vo.  Atl.  4to.  —  Arciiiac, 
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One  result,  however,  stands  now  unquestioned:  the  existence  during  each  great 
geological  era1  of  an  assemblage  of  animals  and  plants  differing  essentially  for  each 
period.  And  by  period  I  mean  those  minor  subdivisions  in  the  successive  sets 
of  beds  of  rocks,  which  constitute  the  stratified  crust  of  our  globe,  the  number  of 
which  is  daily  increasing,  as  our  investigations  become  more  extensive  and  more 
precise*  What  remains  to  be  done,  is  to  ascertain  with  more  and  more  precision, 
the  true  affinities  of  these  remains  to  the  animals  and  plants  now  living,  the  rela- 
tions of  those  of  the  same  period  to  one  another,  and  to  those  of  the  preceding 
and  following  epochs,  the  precise  limits  of  these  great  eras  in  the  development 
of  life,  the  character  of  the  successive  changes  the  animal  kingdom  has  undergone, 
the  special  order  of  succession  of  the  representatives  of  each  class,3  their  combina- 


(Vic.  d\)  et  Haime,  (J.,)  Description  des  animaux 
fossilcs  du  group  nunimulitique  de  1  lade,  Paris, 
1853,  4 to.  fig.  —  LrxcKART,  (F.  S.,)  I'eber  die 
Verbreitung  der  iibriggebliebcnen  Reste  einer  vor- 
weltlichen  Schopfung,  Freiburg,  1835,  4to. 

1  Geological  text-books:  DklaBkciie,  (Sir  II.  T.,) 
Geological  Manual,  London,  1833,  1  voL  8vo. ;  Ger- 
man Trans,  by  Dechen ;  French  by  Brochant  de  Vil- 
lers.  —  The  (Joological  Observer,  London,  1851,  8vo. 
—  Ltell,  (Sir  C.,)  Manual  of  Elementary  Geology, 
Loodon,  1851,  1  voL  8 to.  —  Principles  of  Geology, 
etc,  Loodon,  1830,  2  vols.  8ro.;  8th  edit.,  1850, 
1  roL  8vo.  —  Naumaxx,  (C.  Fr.,)  Lehrbuch  der 
Geognosie,  Leipzig,  1850-54,  2  vols.  8vc  AO.  4tc  — 
Vo«t,  (C.,)  Lehrbuch  der  Geologie  nnd  Petrefakten- 
kuode,  Braunschweig.  1854,  8vo.  2  vol*-,  2d  edit. — 
Text-books  on  Fossils:  Broxx,  (II.  G.,)  Lethe* 
Geognostica,  Stuttgart,  1835-37,  2  vohv,  8vo.  All. 
fob;  3d  edit,  with  Fr.  livmn:.  1846,  et  seq. — 
Pictet,  (F.  J-)  Traite  eleoientaire  de  Paleontologie, 
etc,  Paris,  1844-45,  4  voUs  8vo.  fig. ;  2de  ediL  1853 
el  seq.,  8vo.  AtL  4to.  —  Orbigxt,  ( Alc.  d',)  Cours 
elcmenuure  de  Paleontologie,  Paris,  1852,  3  vols., 
12mo.  —  Giebf.l,  (E.  G.,)  Fauna  der  Vorwelt,  Leip- 
zig. 1852,  2  vols.  8vo.—  AUgemeine  Paheonlologie, 
Leipzig.  1852,  1  voL,  8vo.  —  Qcexstedt,  (F.  A.,) 
Handbuch  der  Petrefaklenkunde,  Tubingen,  1852, 
8vo.  fig.  Unfortunately,  there  exist*  not  a  single 
English  text-book  of  Palaeontology.  A  translation 
of  Pictet's  and  Bronn's  works  would  be  particularly 


*  At  first,  only  three  great  periods  were  distin- 
guished, the  primary,  the  secondary,  and  the  tertiary  ; 
afterwards,  six  or  seven,  (DelaBccbe)  ;  later,  from 
ten  to  twelve ;  now,  the  number  is  almost  indefinite, 
at  least  undetermined  in  the  present  stage  of  our 
knowledge,  when  many  geologists  would  only  con- 
sider as  subdivisions  of  longer  periods  what  some 
|«la-ontologista  are  inclined  to  consider  as  distinct 
periods. 

*  The  principal  Monographs  relating  to  special 

Infiuoria :  MiihkI.in,  (ID  Iconographie  Zoophy- 
tologique,  Paris,  1841-45,  4to.  fig.  —  Edwards,  (II. 
Mii.nf.,)  et  Haime,  (J.,)  Recherches,  etc.,  q.  a^  p.  31. 
—  Polypiers  fossilcs  des  terrains  paleozoiques,  Arch. 
Mus.,  vol.  5.  —  Monograph  of  the  British  Fossil 
Corals,  Pakeont.  Soc-,  London,  1850-55,  4 to.  fig. — 
Loxsdale,  (W..)  On  the  Corals  from  the  Tertiary 
Formations  of  North  America,  Journ.  Geol.  Soc,  L, 
p.  495;  SilL  Journ.,  2d  ser.  IV.,  p.  357.  —  McCot, 
(Fr^)  Contributions  to  British  Paleontology,  Cam- 
bridge, 1854,  1  vol.  8vo.  fig.  —  References  to  all 
minor  papers  may  be  found  in  Edwards  and  Hai  rue's 
Recherches,  —  Ehkexukru,  (C.  G-)  Mikrogeologie, 
Leipzig.  1854,  fol.  fig.  —  Eckinoderm* :  Miller,  (J. 
C.)  A  Natural  History  of  the  Crinoidca,  Bristol, 
1821,  4to.  fig.  —  Orbigst,  (Alc.  i>\)  nistoire 
noturelle  gunerale  et  partieuliere  des  Crinoides  virans 
et  fossiles,  Paris,  1840,  4 to.  fig.  —  Alstix,  (Th.  and 
Th.  Jr.,)  Monograph  on  Recent  and  Fossil  Crinoidea, 
Bristot,  4to.   fig.   (without   date.)  —  Hall,  (J.,) 
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tions  into  distinct  faunae  during  each  period,  not  to  speak  of  the  causes,  or  even 
the  circumstances,  under  which  these  changes  may  have  taken  place. 


Pabront.  of  New  York,  q.  a.  —  GoLDriss,  (G.  A..) 
Petref.  Germ.,  q.  a. —  DbKoxixck,  (L.,)  et  LkIIon, 
(H.,)  Recherche*  sur  les  Crinoides,  etc  Bruxelles, 
1854,  4to.  fig.  —  Owes,  (D.  D.,)  and  BmUKj  (B. 
F.,)  Description  of  New  Species  of  Crinoidea,  Journ. 
Ac  Nat.  Sc.,  Philad.  1850,  4to.  fig.  —  Sismoxda, 
(E.,)  Monographia  degli  Echinidi  fossili  del  Pie- 
monte,  Torino,  1840,  4to.  fig.—  DEsMorxixs,  (C.,) 
Etude  sur  lea  Echinidcs,  Bordeaux,  1*35—37,  8vo. 
fig.  —  Aoassiz,  (L.)  Monogr.  Echin.  q.  a.  p.  54.  — 
Catalogue  raisonne,  etc.,  q.  a.  p.  81.  I  quote  this 
paper  under  my  name  alone,  because  that  of  Mr. 
Desor,  which  is  added  to  it,  has  no  right  there.  It 
was  added  by  him,  after  I  had  left  Europe,  not  only 
without  authority,  but  even  without  my  learning  it, 
for  a  whole  year.  The  genera  Goniocidaris,  Me*pi- 
lia,  Boictia,  Lenita,  Gualteria,  Lovenia,  Breynia, 
which  bear  his  name,  while  they  should  bear  mine, 
as  I  have  established  and  named  them,  while  Mr. 
Desor  was  travelling  in  Sweden,  were  appropriated 
by  him,  w  ithout  any  more  right,  by  a  mere  dash  of  the 
pen,  while  he  was  carrying  my  manuscript  through 
the  press.  How  many  species  he  has  taken  to  him- 
self, in  the  same  manner,  I  cannot  telL  As  the 
printed  work,  and  a  paper  presented  by  me  to  the 
Academy  of  Sciences  of  Paris,  in  1846,  exhibit,  for 
every  one  acquainted  with  zoological  nomenclature, 
internal  evidence  of  my  statement,  such,  for  instance, 
as  my  name  left  standing  as  authority  for  the  species 
of  Mespilia,  Lenita,  Gualteria,  and  Breynia.  while 
the  genu*  bears  his,  I  need  not  allude  further  to  the 
subject.  This  is  one  of  the  most  extraordinary  cases 
of  plagiarism  I  know  of.  —  Desor,  (E.,)  Synopsis  des 
Echinidos  fossiles,  Paris,  1854-56,  8 vo.  fig. ;  partly 
reprinted  from  my  Catalogue,  with  additions  and 
figures.  —  Been,  (L.  v..)  Ueber  die  Cystideen,  Ber- 
lin, 1844,  4ta  fig.;  Ak.  d.  wiss. —  MUller,  (J.,) 
Ueber  den  Ban  dcr  Echinodermen,  Berlin,  1854,  4 to. 
fig.  —  Roemer,  (F.,)  Ueber  Stephanoerinus,  etc., 
Wiegm.  Arch.,  1850,  p.  365.  —  Monographic  der 
fbcsilen  Crinoidenfamilie  dcr  Blastoideen,  etc.,  Wiegm. 
Arch.,   1851,  p.  323.  — Forbes,  (Ed.,)  Echino- 
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dermata  of  the  British  Ternaries,  (Paheont.  Soc.,) 
1852,  4lo.  fig.  — Mem.  of  the  GeoL  Snrv.  of  the 
Unit.  Kingdom,  London,  1849,  8vo.  fig.,  Dec.  1st.  3d, 

and  4th  MvUtukt :  DesHatEs,  (G.  P.,)  Traitd 

elementaire  de  Conchyliologie,  etc.,  Paris,  1835-39, 
2  vols.  8vo.  fig.  —  Description  des  coquilles  carac- 
teristique  des  terrains,  Paris,  1831,  8vo.  fig.  —  Wood- 
warp,  (S.  P.,)  A  Manual  of  the  Mollusca,  etc, 
London,  1851-54,  12mo.  fig. —  IIaoexow,  (Fr.  v.,) 
Die  Bryonoen  der  Maastrichter  Kreideformntion, 
Cassel,  1851,  4to.  fig.  —  DksMollixs,  (C.,)  RmbJ 
sur  les  Spherulites,  BulL  Soc  Lin.  Bordeaux,  1827. 
—  Roqian,  (O.  K.  dc,)  Description  des  Coquilles 
fossilles  de  la  famille  des  Rudistes,  etc.  Carcassonne, 
1841,  4to.  fig.— HoENixoiiAi-s,  (Fr.  W„)  Mono- 
graphic der  Gattung  Crania,  Dusseldorf,  1828,  4to. 
fig.  —  Bcch,  (L.  v.,)  Ueber  Tcrebraleln,  etc.  Berlin, 
1834,  4to.  fig.;  Ak.  d.  wiss.— Ucbcr  Product  in  und 
Lepticna,  Berlin,  1842,  4 to.  fig.;  Ak.  d.  wiss.— 
Davidsox,  (Tit.,)  British  Brachiopoda,  (Pahront. 
Soc)  London,  1851-55,  4to.  fig.  —  DeKoxlnck,  (L.,) 
Recherches  sur  le*  animaux  fossiles,  Liege,  1847,  4to. 
fig. —  Aoassiz,  (L.)  Etudes  crit.  q.  a.,  p.  54. —  Favre, 
(A.)  Observations  sur  les  Dicerates,  Geneve,  1843, 
4 to.  fig.  — Bf.li.ardi,  (L.,)  e  Michelotti,  (G.,) 
Saggio  orittografieo  sulla  classe  dei  Gasteropodi  fossili, 
Torino,  1840,  4to.  fig.  —  DeHaax,  (W.,)  Mono- 
graphis?  Ammoniteorum  et  Goniatiteorum  Specimen, 
Lugduni-Batav.,  1825,  8vo.  — Been,  (L.  v.)  Ueber 
Ammoniten,  Uber  ihre  Sonderung  in  Familien,  etc., 
Berlin,  1832,  4to.  tig.  Ak.  d.  wiss.  —  Ueber  Gonio- 
titen  und  Clymenien  in  Schlesien,  Berlin,  1839,  4 to. 
fig.  s  Ak-  d.  wiss.  —  MUxster,  (Gr.  v.,)  Ueber 
Goniatiten  und  Planuliten  im  Uebergangskalk,  etc., 
Baireuth,  1832,  4to.  fig.  — Volte,  (Ph.  L.)  Obser- 
vations sur  les  Belcmnitcs,  Paris,  1830,  4lo.  fig.— 
Quexstedt,  (F.  A.,)  De  Notis  Nautileorum  pri- 
mariis,  etc.,  Berolini,  1834,  Bvo.  —  Cruttacta :  Bitox- 
o.mart,  (Al.,)  et  Desharest,  (A.  G.,)  Histoire 
naturellc  des  Trilobiles,  etc.,  Paris,  1822,  4to-  fig.— 
Dai.*  ax,  (J.  W..)  Ueber  die  Paheaden  oder  die 
sogenanntcn  Trilobitcn,  a.  d.  Schwed.  Numberg, 
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In  order  to  be  able  to  compare  the  order  of  succession  of  the  animals  of  past 
ages  with  some  other  prominent  traits  of  the  animal  kingdom,  it  is  necessary  for 


1828,  4lo.  fig.  — Green,  (J.,)  A  Monograph  of  the 
Trilobitea  of  North  America,  etc.,  Philadelphia,  1833, 
8vo.  fig.  —  Emmerich,  (II.  F.,)  IX-  Trilobitis,  Bcro- 
lini,  1839,  8vo.  fig.  — Zur  Nolurgcschichtc  der  Trilo- 
biten, Meiningeii,  1844,  4to.  —  Blrmkistbr,  (H.,) 
Die  Organisation  der  Trilobiten,  Berlin,  1843, 
4to.  fig.;  (Ray  Society.)  —  Bgrnn  n  (E.,)  Ucbcr 
einige  bohraUche  Trilobiten,  Beriin,  1845,  4to.;  2d 
part,  1846,  4 to.  —  Corda,  (A.  J.  C.)  und  Hawle, 
(If.-)  Prodrom  einer  Monographic  der  bohmischen 
Trilobiten,  Prag,  1848,  8vo.  fig.  —  Barkaxhe,  (J.,) 
Syst.  Sil.,  q.  a.,  p.  23.  —  Salter,  (J.  W.,)  In  Mem. 

Geol.  Surv.,  etc,  Dec  2d  MUnster,  (Gr.  G.  v.,) 

Beitriige  zur  Petrefaktenkunde,  Beyrouth,  1839,  4to. 
2d  Fuse,  fig.  — Meter,  (II.  v.,)  Neue  Gattungcn 
foasilcr  Krcbse,  etc.,  Stuttgart,  1840,  4to.  fig. —  De 
Koninck,  (L-,)  Mcmoirc  sur  lea  Crustacea  fossilcs 
de  Belgique,  Liege,  1841,  4 to.  fig.  —  Cornuel,  (J.,) 
Description  des  Entomostraccs  fossilcs,  etc,  Metn.  Koc. 
Geol.  de  France,  2de  se'r.,  voL  1,  part  2d,  Paris, 
1846,  4to.  fig. —  BOSQUET,  Description  des  Ento- 
mostraccs fossilcs  de  la  Craic  de  Maastricht,  Mem. 
Soc.  Roy.  de  Liege,  1847,  8vo.  —  Jones,  (T.  R..) 
The  Entomoatraca  of  the  Cretaceoua  Formation  of 
England,  (Pahoont.  Soc.,)  London,  1848,  4to.  fig.— 
Darwin,  (Cn.,)  Fossil  Cirripedia,  (Pala-ont.  Soc.,) 
Loudon,  1851  and  1854,  4to.  fig. —  Intret*:  Brodie, 
(P.  B.,)  History  of  the  Foaail  Inaects  of  the  Second- 
ary Roeks  of  Engbuid,  London,  1845,  8vo.—  Heer, 
(O.,)  Die  Inscktcnfauna  der  Tertiargebilde  von 
Oeningen  und  von  Radeboy,  Leipzig,  1853,  4to. 
fig.;  N.  Denk.,  helv.  Gej«*ellsch.— Heeb.  (O.)  et 
EsctiER  v.  der  Linth,  (A.,)  Zwei  geologische  Vor- 
triige,  etc,  Zurich,  1852,  4to.  —  Fithet:  Aoamiz, 
(L.,)  Rech.  s.  les  poiss.  fosus  q.  a.,  p.  54.  —  Egerton, 
(Sir  Puil.,)  A  Systematic  and  Stratigraphicnl  Cnta- 
loguc  of  the  Fossil  Fishes,  etc,  London,  1837,  4to. 
2d  edit. —  On  some  new  Ganoid  Fishes,  Proc  Geol. 
Soc.  London,  IV.,  p.  183.  — On  some  New  Species  of 
Chinurroid  Fishes,  Rjid.,  p.  153  and  211,  and  several 
other  papers  in  Trans.  Geol.  Soc  Lond. ;  Journ. 
Geol.  Soc;  Ann.  and  Mag.  Nat.  Hist,  and  Memoirs 


of  the  GooL  Surv.  of  the  United  Kingdom,  Dec.  6th. 
—  Pictet,  (F.  J.,)  Poisaona  fossilcs  du  Mt.  Liban, 
Geneve,  1850,  4to.  fig.  —  Hkckel,  (J.  J„)  Beitrage 
zur  Kenntniaa  der  fosailen  Fischc  Oestcrrcichs,  Wien, 
1849,  4to.  fig.  —  Gibbes,  (R.  W.,)  Monograph  of  the 
Foasil  Squalid*  of  the  United  States,  Journ.  Ac  Nat, 
Sc.,  Philadelphia,  1848  and  1849,  4to.  fig.  — New 
Species  of  Myliobatea,  Ibid.,  1849,  p.  299.  —  McCot, 
(P.,)  In  Sedgwick  and  McCoy's  British  Pala-oz. 
Rocks,  q.  a.,  p.  23.—  Newberry,  (J.  S.,)  Fishes  of 
the  Carbonif.  Deposits  of  Ohio,  Proc.  Ac.  Nat.  Sc, 
Philadelphia,  1856.  —  ReptiU*  :  Cuvier,  (G.,)  Rech. 
Oss.  foss.,  q.  a.,  p.  93.  —  Jaeger,  (G.  Fr.,)  Ueber 
die  fossilen  Reptilien  welchc  in  WUrtemberg  aufgc- 
funden  worden  sind,  Stuttgart,  1828,  4to.  fig. — 
Geoekrov  St.  Hilaiue,  (Et.,)  Rcchcrehcs  sur  lea 
grands  Sauriens,  etc.,  Paris,  1831,  4to.  fig.  —  De9- 
LONGCllAMPs,  (Eld.,)  Mem.  sur  le  PoecilopleuTon 
Bucklandi,  Caen,  1837,  4to.  fig.  —  Bronn,  (H.  G.,) 
und  Kai  r,  (J.  J  .)  Abhundlungen  ubcr  die  Gavial- 
artigen  Reptilien,  Stuttgart,  1842,  foL  fig.  —  Gold- 
FU8S,  (A.,)  Der  Schiidelbau  des  Mosasaurus,  N.  Act. 
Ac  Nat  Car.,  1844,  4to.  fig.  —  Alton.  (E.  d\)  und 
Bfrmeister,  (H.,)  Der  fossile  Gavial  von  Boll, 
Halle,  1854,  fol.  fig.  —  Burmeister,  (H.,)  Die 
Lahvrinthodontcn,  Berlin,  1850,  4  to.  fig.  —  CJUEN- 
btedt,  (A,)  Die  Mastodonsauricr  sind  Batraehier, 
Tubingen,  1850,  4to.  fig.  —  Gibbrs,  (R.  W.,)  A 
Memoir  on  Mosasaurus  and  three  New  Genera,  etc, 
Smithson.  Contrib.  1851,  4to.  fig.  —  Meter,  (H.  v„) 
Zur  Fauna  der  Vorwelt,  Die  Saurier  des  Muschel- 
kalkes,  etc,  Frankfurt  a.  M.,  1845-52,  fol.  —  Meter, 
(H.  v.,)  und  Plieninger,  (Tit.,)  Beitrage  zur  Palie- 
ontologie  WUrtembergs,  Stuttgart,  1844,  4to.  fig.— 
Owen,  (R.,)  Report  on  British  Fossil  Reptiles,  Brit. 
A»*  1839,  p.  43;  1841,  p.  60.— Fossil  Reptilia  of 
the  London  Clay,  (Pahront  Soc.)  London,  1849,  4to. 
fig.  (the  Chclonia  with  T.  Rkli..)  —  Fossil  Reptilia 
of  the  Cretaceous  Formation,  (Paheont  Soc,)  Lon- 
don, 18.il,  4to.  fig.  —  Fossil  Reptilia  of  the  Wealden 
Formation,  (Palawnt  Soc.,)  London,  1852-55,  4 to. 
fig.  —  Lea,  (I„)  On  a  Fossil  Saurian  of  the  New 
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me  to  make  a  few  more  remarks  upon  this  topic.  I  can,  fortunately,  be  very 
brief,  as  we  possess  a  text-book  of  Palaeontology,  arranged  in  zoological  order,  in 
which  every  one  may  at  a  glance  see  how,  throughout  all  the  classes  of  the  animal 
kingdom,  the  different  representatives  of  each,  in  past  ages,  are  distributed  in  the 
successive  geological  formations.1  From  such  a  cursory  survey,  it  must  appear,  that 
while  certain  type9  prevail  during  some  periods,  they  are  entirely  foreign  to  others. 
This  limitation  is  conspicuous,  with  reference  to  entire  classes  among  Vertebrata, 
whde,  in  other  types,  it  relates  more  to  the  orders,  or  to  the  families,  and  extends 
frequently  only  to  the  genera  or  the  species.  But,  whatever  be  the  extent  of 
their  range  in  time,  we  shall  see  presently,  that  all  these  types  bear,  as  far  as 
the  order  of  their  succession  is  concerned,  the  closest  relation  to  the  relative  rank 
of  living  animals  of  the  same  types  compared  with  one  another,  to  the  phases  of 
the  embryonic  growth  of  these  types  in  the  present  day,  and  even  to  their  geo- 
graphical distribution  upon  the  present  surface  of  our  globe.    I  will,  however,  select 


Red  Sandstone,  etc,  Philadelphia,  1852,  4  to.  fig.— 
Leipt,  (Jos.,)  Description  of  Extinct  Mammalia  and 
Cbelouia  from  Nebraska  Territory,  in  D.  D.  Owen, 
GeoL  Surv.  of  Wisconsin,  Iowa,  Minesota,  etc., 
Philadelphia,  1852,  4to.  fig.  —  On  Bathygnathus 
borealis,  an  extinct  Saurian,  Journ.  Ac.  Nat.  Sc, 
Philad.,  1854,  4to-  fig.  —  Description  of  a  New  Species 
of  Crocodile,  etc.,  Ibid,  1851.  —  Bird*:  Owes,  (R,) 
History  of  British  Fossil  Mammalia  and  Bird*,  Lon- 
don, 1841-46,  1  voL  8vo.  fig.  —  Fossil  Birds  from  the 
Wealden,  Journ.  Geol.  Soc.,  II.,  p.  96.  —  Memoir  on 
the  Dinoraifl,  Trans.  Zool.  Sue.,  vol.  3,  p.  3,  London, 
1844,  4  to.  fig.  —  Mammalia :  Cuvier,  (G,)  Oss.  fuss., 
q.  a.  —  Blcklam  ,  (W,)  RcL  D*iluv.,  q.  a.,  p.  94. — 
DeBlainville,  (Ducr,)  Osteographio  ou  Descrip- 
tion iconographique  comparce  du  Squelette,  etc, 
Paris,  1841,  et  suiv.  4to,  Atlas  fol. —  Kai  p,  (J.  J.,) 
Descriptions  d'ossemcus  fossiles  de  Mamtnifcres  incou- 
nus,  Darmstadt,  1832-39,  4to.  fig.  — Owes,  (R.,) 
Odontography,  or  a  Treatise  on  the  Comparative 
Anatomy  of  the  Teeth,  London,  1840-41,  3  vols.  8vo. 
fig.— Brit.  foss.  Mam.  and  Birds,  q.  a.— The  Fossil 
Mammalia  of  the  Voyage  of  II.  M.  S.  Beagle, 
London,  1838,  4to.  fig. —  Description  of  the  Skeleton 
of  an  extinct  gigantic  Sloth,  Mylodon  robustus,  Lon- 
don, 1842,  4 to.  fig. ;  and  many  papers  in  Journal 

nf  (w+*t kl/ ifFl**!*  1    ViU,[(l«,.  ■     'I'r-uriu      '/    ,  J     *J  J.! . ,* 
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Sctimerlino,  (P.  C.,)  Recherche*  sur  les  osscmens 
foswiles  des  cavernes  de  Liege,  Liege,  1833-36, 
2  vols.  4to.  fig.  —  Croizet  et  Joiikkt,  Recherch.es 
sin-  les  ospemens  fossiles  du  departcment  du  Puy ••!<•- 
Dome,  Paris  1828,  fol.  fig.  — Meter,  (II.  v.,)  Zur 
Fauna,  etc,  q.  a.  —  Die  fossilen  Zahne  und  Knochen, 
in  der  Gegend  von  Georgensginiind,  Frankfurt  a.  M., 
1834,  4  to.  fig.  — Jaeoer,  (G.  Fa.,)  Die  fossilen 
Siiugcthiere  WUrtembergs,  Sluttgardt,  1835-39,  fol. 
fig.  —  Falconer,  (II.,)  and  Cactlet,  (P.  T.,) 
Fauna  antiqua  sivalensis,  etc.,  London,  1846,  fol.  fig. 
—  Gervais,  (P,)  Zoologie  et  Paleonlologie  fran- 
caises,  Paris,  1848-52,  4ta  fig.  -  MI'ller,  (J.,) 
Ueber  die  fossilen  Reste  der  Zeuglodonten,  etc, 
Berlin,  1849,  foL  fig.  —  LeConte,  (J.,)  On  Pluty- 
gonus  compressus,  Mem.  Amer.  Acad.  Arts  and  Sc, 
1848,  4to.  fig.—  Wtman,  (J,)  Notice  of  the  Geo- 
logical Position  of  Casturoides  ohiocnais,  by  J.  Hai.L, 
and  an  Anatomical  Description  of  the  same,  Boston 
Journ.  Nat.  Hist.,  1847,  vol.  5,  p.  385,  8vo.  fig.— 
Warren,  (J.  C,)  Description  of  a  Skeleton  of  the 
Mastodon  giganteus,  Boston,  1852,  4to.  fol.— Leinr, 
(J,)  The  Ancient  Fauna  of  Nebraska,  Smith.  Contr, 
Wudiington,  1852,  4ta  fig.    See  also  Sect.  22. 

1  1  allude  to  the  classical  work  of  Pictet,  Trails 
e*lcmentaire  de  Paleontologie,  q.  «.,  a  second  edition 
of  which  is  now  publishing. 
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a  few  examples  for  further  discussion.  Among  Echinodenns  the  Crinoids  are,  for 
a  long  succession  of  periods,  the  only  representatives  of  that  class;  next  follow 
the  Starfishes,  and  next  the  Sea-Urchins,  the  oldest  of  which  belong  to  the  type 
of  Cidaris  and  Echinus,  followed  by  Clypeastroids  and  Spatangoids.  No  satisfactory 
evidence  of  the  existence  of  Ilolothurias  has  yet  been  found.  Among  Crustacea, 
a  comparison  of  the  splendid  work  of  Barrande1  upon  the  Silurian  System  of 
Bohemia,  with  the  paper  of  Count  Miinster  upon  the  Crustacea  of  Solenhofen,2  and 
with  the  work  of  Desmarest  upon  fossil  Crabs,*  will  at  once  show  that  while 
Trilobites  are  the  only  Crustacea  of  the  oldest  palasozoic  rocks,  there  is  found  in 
the  jurassic  period  a  carcinological  fauna  entirely  composed  of  Macrura,  to  which 
Brachyura  are  added  in  the  tertiary  period.  The  formations  intermediate  between 
the  older  palaeozoic  rocks  and  the  Jura  contain  the  remains  of  other  Entomostraca, 
and  later  of  some  Macroura  also.  In  both  classes  the  succession  of  their  repre- 
sentatives, in  different  periods,  agrees  with  their  respective  standing,  as  determined 
by  the  gradation  of  their  structure. 

Among  plant*,  we  find  in  the  Carboniferous  period  prominently,  Ferns  and 
Lycopodiacea) ; 4  in  the  Triassic  period  Equisetacea) 6  and  Conifenu  prevail;  in  the 
Jurassic  deposits,  Cycadea?,'  and  Monocotyledoneaj ;  while  later  only  Dicotyledonese 
take  the  lead.7  The  iconographic  illustration  of  the  vegetation  of  past  ages  has 
of  late  advanced  beyond  the  attempt*  to  represent  the  characteristic  features  of 
the  animal  world  in  different  geological  periods.8 

Without  attempting  here  to  characterize  this  order  of  succession,  this  much  follows 
already  from  the  facts  mentioned,  that  while  the  material  world  is  ever  the  same 
through  all  ages  in  all  its  combinations,  as  far  back  as  direct  investigations  can 
trace  its  existence,  organized  beings,  on  the  contrary,  transform  these  same  mate- 
rials into  ever  new  forms  and  new  combinations.  The  carbonate  of  lime  of  all 
ages  is  the  same  carbonate  of  lime  in  form  as  well  as  composition,  as  long  as  it 
is  under  the  action  of  physical  agents  only.     Let  life  be  introduced  upon  earth, 


1  Barhandk'k  Syst  Silur.,  q,  a.,  p.  23. 
1  Gr.  G.  v.  MI'nstkh,  Beit  rage  zur  Pctrcfacten- 
kunde,  q.     p.  98. 

*  DlMURBST,  nee  Brongiiiart  and  Desmarest'ii 
Hist.  Nat.  d.  Tril.  el  Crust,  q.  a.,  p.  97. 

♦  See,  above,  p.  93. 

•  Sciumper,  (W.  1\)  et  Moi'gkot,  (A.,)  Mono- 
graphic dea  Plantea  Foa»ilea  du  Grca-bigarrc  de  la 
chaine  de*  Vosge*,  Strasb.  et  Paris,  1840-43,  4to. 
fig- 

•  Blcklakd,  (W.,)  On  the  CycadeoidK,  a  Family 


of  Plant*  found  in  the  Oolite,  etc.,  Trans.  Geol.  Soc. 
Lond.  2d  *er.  II.,  p.  895. 

'  Unc.er,  (Fr,,)  Chlori*  protogmt,  Beitriige  zur 
Flora  der  Vorweli,  Leipzig,  1841,  4to.  fig.  —  Hkf.r, 
(O.,)  Flora  tertiaria  Helvetia?,  Wintherthur,  1855, 
fol.  fig. 

'  Landscapes  of  the  different  geological  period* 
are  represented  in  L'mier,  (Fr.,)  Die  Vorweli  in 
ihren  vershiedeiien  Bildungaperioden,  Wien,  fol.  (no 
date.)  Theae  landscape*  are  ideal  representation*  of 
the  vegetation  of  paM  ages. 
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and  a  Polyp  builds  its  coral  out  of  it,  and  each  family,  each  genus,  each  Bpeciea 
a  different  one,  and  different  ones  for  all  successive  geological  epochs.  Phosphate 
of  linie  in  palreozoic  rocks  is  the  same  phosphate,  as  when  prepared  artificially  by 
Man;  but  a  Fish  makes  its  spines  out  of  it,  and  every  Fish  in  its  own  way,  a 
Turtle  its  shield,  a  Bird  its  wings,  a  Quadruped  its  legs,  and  Man,  like  all  other 
Vertebrates,  its  whole  skeleton,  and  during  each  successive  period  in  the  history 
of  our  globe,  these  structures  are  different  for  different  species.  What  similarity  is 
there  between  these  facts!  Do  they  not  plainly  indicate  the  working  of  different 
agencies  excluding  one  another?  Truly  the  noble  frame  of  Man  does  not  owe  its 
origin  to  the  same  forces  which  combine  to  give  a  definite  shape  to  the  Crystal 
And  what  is  true  of  the  carbonate  of  lime,  is  equally  true  of  all  inorganic  sub- 
stances ;  they  present  the  same  characters  in  all  ages  past,  as  those  they  exhibit  now. 

Let  us  look  upon  the  subject  in  still  another  light,  and  we  shall  see  that  the 
same  is  also  true  of  the  influence  of  all  physical  causes.  Among  these  agents,  the 
most  powerful  is  certainly  electricity;  the  only  one  to  which,  though  erroneously,  the 
formation  of  animals  has  ever  been  directly  ascribed.  The  effects  it  may  now 
produce,  it  has  always  produced,  and  produced  them  in  the  same  manner.  It  has 
reduced  metallic  ores  and  various  earthy  minerals  and  deposited  them  in  crystalline 
form,  in  veins,  during  all  geological  ages ;  it  has  transported  these  and  other 
substances  from  one  point  to  another,  in  times  past,  as  we  may  do  now  in  our 
laboratories,  under  its  influence.  Evaporation  upon  the  surface  of  the  earth  has 
always  produced  clouds  in  the  atmosphere,  which  after  accumulating  have  been 
condensed  in  rain  showers  in  past  ages  as  now.  Rain  drop  marks  in  the  carbonifer- 
ous and  triassic  rocks  have  brought  to  us  this  testimony  of  the  identity  of  the 
operation  of  physical  agents  in  past  ages,  to  remind  us  that  what  these  agents  may 
do  now,  they  already  did  in  the  same  way,  in  the  oldest  geological  times,  and  have 
done  at  all  times.  Who  could,  in  presence  of  such  facts,  assume  any  causal  con- 
nection between  two  series  of  phenomena,  the  one  of  which  ia  ever  obeying  the 
same  laws,  while  the  other  presents  at  every  successive  period  new  relations,  an 
ever  changing  gradation  of  new  combinations,  leading  to  a  final  climax  with  the 
appearance  of  Man?  Who  does  not  see,  on  the  contrary,  that  this  identity  of  the 
products  of  physical  agents  in  all  ages,  totally  disproves  any  influence  on  their  part 
in  the  production  of  these  ever  changing  beings,  which  constitute  the  organic  world, 
and  which  exhibit,  as  a  whole,  such  striking  evidence  of  connected  thoughts! 
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SECTION  XXII. 

LOCALIZATION  OF  TTPES  IN  PAST  AOES. 

The  study  of  the  geographical  distribution  of  the  animals  now  living  upon 
earth  has  taught  us,  that  every  species  of  animals  and  plants  has  a  fixed  home,  and 
even  that  peculiar  types  may  be  circumscribed  within  definite  limits,  upon  the 
surface  of  our  globe.  But  it  is  only  recently,  since  geological  investigations  have 
been  carried  on  in  remote  parts  of  the  world,  that  it  has  been  ascertained  that 
this  special  localization  of  types  extends  to  past  ages.  Lund  for  the  first  time 
showed  that  the  extinct  Fauna  of  the  Brazils,1  during  the  latest  period  of  a  past 
age,  consists  of  different  representatives  of  the  very  same  types  now  prevalent  in 
that  continent;  Owen  has  observed  similar  relations  between  the  extinct  Fauna 
of  Australia1  and  the  types  now  living  upon  that  continent 

If  there  is  any  naturalist  left  who  believes  that  the  Fauna  of  one  continent 
may  be  derived  from  another  portion  of  the  globe,  the  study  of  these  facte,  in 
all  their  bearing,  may  undeceive  him. 

It  is  well  known  how  characteristic  the  Edentata  are  for  the  present  Fauna 
of  the  Brazils,  for  there  is  the  home  of  the  Sloths,  (Bradypus,)  the  Tatous, 
(Dasypus,)  the  Ant-eaters,  (Myrmccophaga) ;  there  also  have  been  found  those 
extraordinary  extinct  genera,  the  Megatherium,  the  Mylodon,  the  Mcgalonyx,  the 
Glyptodon,  and  the  many  other  genera  described  by  Dr.  Lund  and  Professor 
Owen,  all  of  which  belong  to  this  same  order  of  Edentata.  Some  of  these 
extinct  genera  of  Edentata  hod  also  representatives  in  North  America,  during  the 
same  geological  period*  thus  showing  that  though  limited  within  similar  areas,  the 
range  of  this  type  has  been  different  in  different  epochs. 

Australia,  at  present  almost  exclusively  the  home  of  Marsupials,  has  yielded 
also  a  considerable  number  of  equally  remarkable  species,  and  two  extinct  genera 
of  that  type,  all  described  by  Owen  in  a  report  to  the  British  Association,  in 
1844,  and  in  Michell's  Expeditions  into  the  Interior  of  Australia. 


•  Lund,  (Dr.,)  Blik  paa  Brasiliens  Dyreverden 
for  sicbrtc  Jordomvmltning.  K.  Dnnske  Vidensk. 
SeUk.  Afhandl.  VUL,  Kiobenhavn,  1841,  4to.  fig.,  p. 
61,  etc ;  Engl.  Abstract,  Ann.  and  Mag.  vol  8,  p. 
422. 

«  Owes,  (IL,)  On  (be  Geographical  Distribution 


of  Extinct  Mammalia,  Ann.  and  Mag.  Nat.  Hist.,  184G, 
vol.  17,  p.  197. 

'  Leidv,  (Job.,)  A  Memoir  on  the  Extinct  Sloth 
Tribe  of  North  America,  Smithson.  Contrib.  1855,  4to. 
fig.  —  W"*man,  (Jn)  Notice  of  Fossil  Bones,  etc.,  Am. 
Journ.  Sc.  and  A.,  2d  »er.,  1850,  vol.  10. 
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How  far  similar  facts  are  likely  to  occur  in  other  classes,  remains  to  be  ascer- 
tained. Our  knowledge  of  the  geographical  distribution  of  the  fossil  remains  is 
yet  too  fragmentary  to  furnish  any  further  data  upon  this  point  It  is,  however, 
worthy  of  remark,  that  though  the  types  of  the  oldest  geological  periods  had  a 
much  wider  distribution  than  most  recent  families  exhibit  now,  some  families  of 
fishes  largely  represented  in  the  Devonian  system  of  the  Old  World  have  not 
yet  been  noticed  among  the  fossils  of  that  period  in  America,  as,  for  instance, 
the  Cephalaspids,  the  Dipteri,  and  the  Acanthodi.  Again,  of  the  many  gigantic 
Reptiles  of  the  Triasic  and  Oolitic  periods,  none  are  known  to  occur  elsewhere 
except  in  Europe,  and  it  can  hardly  be  simply  owing  to  the  less  extensive  dis- 
tribution of  these  formations  in  other  parts  of  the  world,  since  other  fossils  of 
the  same  formations  are  known  from  other  continents.  It  is  more  likely  that 
some  of  them,  at  least,  are  peculiar  to  limited  areas  of  the  surface  of  the  globe, 
as,  even  in  Europe,  their  distribution  is  not  extensive. 

Without,  however,  entering  upon  debatable  ground,  it  remains  evident,  that 
before  the  establishment  of  the  present  state  of  tilings,  peculiar  types  of  animals, 
which  were  formerly  cireumscribed  within  definite  limits,  have  continued  to  occupy 
the  same  or  similar  grounds  in  the  present  period,  even  though  no  genetic  con- 
nection can  be  assumed  between  them,  their  representatives  in  these  different  forma- 
tions not  even  belonging  to  the  same  genera.  Such  facts  are  in  the  most  direct 
contradiction  with  any  assumption  that  physical  agents  could  have  any  thing  to 
do  with  their  origin;  for  though  their  occurrence  within  similar  geographical  areas 
might  at  first  seem  to  favor  such  a  view,  it  must  be  borne  in  mind  that  these 
so  localized  beings  are  associated  with  other  types  which  have  a  much  wider  range, 
and,  what  is  still  more  significant,  they  belong  to  different  geological  periods, 
between  which  great  physical  changes  have  undoubtedly  taken  place.  Thus  the 
facts  indicate  precisely  the  reverse  of  what  the  theory  assumes;  they  prove  a 
continued  similarity  of  organized  beings  during  successive  geological  periods,  notr 
withstanding  the  extensive  changes,  in  the  prevailing  physical  conditions,  which  the 
country  they  inhabited  may  have  undergone,  at  different  periods.  In  whatever  direc- 
tion this  theory  of  the  origin  of  animals  and  plants,  under  the  influence  of  physical 
agents,  is  approached,  it  can  nowhere  stand  a  critical  examination.  Only  the  delib- 
erate intervention  of  an  Intellect,  acting  consecutively,  according  to  one  plan,  can 
account  for  phenomena  of  this  kind. 
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SECTION  XXIII. 

LIMITATION  OF  SPECIES  TO  PARTICULAR  GEOLOGICAL  PERIODS. 

Without  entering  into  a  discussion  respecting  the  precise  limits  within  which  this 
fact  is  true,  there  can  no  longer  he  any  doubt,  that  not  only  species,  hut  all  other 
groups  of  animals  and  plants,  have  a  definite  range  of  duration,  as  well  as  individ- 
uals.1 The  limits  of  this  duration,  as  far  as  species  are  concerned,  generally  coin- 
cide with  great  changes  in  the  physical  conditions  of  the  earth's  surface;1  though, 
strange  to  say,  most  of  those  investigators  who  would  ascribe  the  origin  of  organ- 
ized beings  to  the  influence  of  such  causes,  maintain  also,  that  species  may  extend 
from  one  period  to  another,  which  implies  that  these  are  not  affected  by  such 
changes.* 

When  considering,  in  general,  the  limitation  of  species  to  particular  geological 
periods,  we  might  very  properly  disregard  the  question  of  the  simultaneity  of  the 
successive  appearance  and  disappearance  of  Fauna?,  as  in  no  way  affecting  the 
result  of  the  investigation,  as  long  as  it  is  universally  conceded,  that  there  is  no 
species,  known  among  the  fossils,  which  extends  through  an  indefinite  series  of 
geological  formations.  Moreover,  the  number  of  the  species,  still  considered  as 
identical  in  several  successive  periods,  is  growing  smaller  and  smaller,  in  proportion 
as  they  are  more  closely  compared.  I  have  already  shown,  long  ago,  how  widely 
many  of  the  tertiary  species,  long  considered  as  identical  with  living  ones,  differ 
from  them,4  and  also  how  different  the  species  of  the  same  family  may  be,  in 
successive  subdivisions  of  the  same  great  geological  formation.8  Hall  has  come  to 
the  same  result  in  his  investigations  of  the  fossils  of  the  State  of  New  York.9 
Every  monograph  reduces  tlieir  number,  in  every  formation.  Thus  Barrande,  who 
has  devoted  so  many  years  to  the  most  minute  investigation  of  the  Trilobites  of 


'  Compare  Sect.  XIX. 

*  Elie  i>e  Beaumont,  Recherche*  sur  quelques- 
uncs  dea  Revolutions  dc  In  surface  da  Globe,  Paris, 
1830,  1  vol.  8vo. 

•  For  indication*  respecting  the  occurrence  of  all 
specie*  of  fossil  organized  beings  now  known,  consult, 
BbOSS,  (II.  G.,)  Index  paheonlologicus,  Stuttgardt, 
1848-49,  3  vols.  8vo.  —  Orbioxt,  (A.  d',)  Prodrome 
de    Paleontologio  stratigraphique  universello  etc., 


Paris,  1850,  2  vols.  12mo.  —  Morris,  (J.,)  Catalogue 
of  the  British  Fossils,  London,  1854,  1  vol.  8vo. 

•  Ac.assiz,  (L.,)  Coquillcs  tcrtiaires  repute** 
identiques  avec  les  especca  vivantes,  Neuch&tel,  1845, 
4to.  fig. 

•  Aoassiz,  (L.,)  Etudes  critiques  sur  les  Mollus- 
ques  fossiles,  Neuchalcl,  1840-45,  4to.  fig. 

•  Hall,  (J.,)  Paleontology  of  the  State  of  New 
York,  q.  a^  p.  23,  note  1. 
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Bohemia,1  has  come  to  the  conclusion  that  their  species  do  not  extend  from  one 
formation  to  the  other;  D'Orbigny1  and  Pictet3  have  come  to  the  same  conclusion 
for  the  fossil  remains  of  all  classes.  It  may  well  be  said  that,  as  fossil  remains 
are  studied  more  carefully,  in  a  zoological  point  of  view,  the  supposed  identity  of 
species,  in  different  geological  formations,  vanishes  gradually  more  and  more ;  so 
tliat  the  limitation  of  species  in  time,  already  ascertained  in  a  general  way,  by  the 
earlier  investigations  of  their  remains  in  successive  geological  formations,  is  circum- 
scribed, step  by  step,  within  narrower,  more  definite,  and  also  more  equable  periods. 
Species  are  truly  limited  in  time,  as  they  are  limited  in  space,  upon  the  surface  of 
the  globe.  The  facts  do  not  exhibit  a  gradual  disappearance  of  a  limited  number  of 
species,  and  an  equally  gradual  introduction  of  an  equally  limited  number  of  new 
ones;  but,  on  the  contrary,  the  simultaneous  creation  and  the  simultaneous  destruc- 
tion of  entire  fauna?,  and  a  coincidence  between  these  changes  in  the  organic  world 
and  the  great  physical  changes  our  earth  has  undergone.  Yet  it  would  be  premature 
to  attempt  to  determine  the  extent  of  the  geographical  range  of  these  changes,  and 
still  more  questionable  to  assert  their  synchronism  upon  the  whole  surface  of  the 
globe,  in  the  ocean  and  upon  dry  land. 

To  form  adequate  ideas  of  the  great  physical  changes  the  surface  of  our  globe 
has  undergone,  and  the  frequency  of  these  modifications  of  the  character  of  the 
earth's  surface,  and  of  their  coincidence  with  the  changes  observed  among  the  organ- 
ized beings,  it  is  necessary  to  study  attentively  the  works  of  Elie  de  Beaumont.4 
He,  for  the  first  time,  attempted  to  determine  the  relative  age  of  the  different  sys- 
tems of  mountains,  and  showed  first,  also,  that  the  physical  disturbances  occasioned 
by  their  upheaval  coincided  with  the  successive  disappearance  of  entire  fauna;,  and 
the  reappearance  of  new  ones.  In  his  earlier  papers  he  recognized  seven,  then 
twelve,  afterwards  fifteen  such  great  convulsions  of  the  globe,  and  now  he  has 
traced  more  or  less  fully  and  conclusively  the  evidence  that  the  number  of  these 
disturbances  has  been  at  least  sixty,  perhaps  one  hundred.  But  while  the  genesis 
and  genealogy  of  our  mountain  systems  were  thus  illustrated,  palaeontologists,  extend- 
ing their  comparisons  between  the  fossils  of  different  formations  more  carefully  to 
all  tbe  successive  beds  of  each  great  era,  have  observed  more  and  more  market! 
differences  between  them,  and  satisfied  themselves  that  fauna?  also  have  been  more 
frequently  renovated,  than  was  formerly  supposed;  so  that  the  general  results  of 


1  Barraxde,  SyMinie  *ilurien,  etc.,  q.  a.  j  sec, 
•too,  my  Monographic*  d'Ecliinodertuea,  q.  n.,  p.  54. 

*  D'Orbicnt,  Palconlologie  Francainc,  q.  a,  p.  95. 

•  Pictkt,  Traitd  de  Puliionlologie,  etc.,  q.  p. 
96,„„,e  1. 

14 


*  Elie  de  Beaumont,  Noiicc  sur  le*  gjttimea  de 
Montngnes,  Paria,  l»a2,  3  vols.  12mo. ;  see,  al«o, 
Been,  (Lkop.  v.,)  Ueber  die  grognotischen  Systeme 
von  DeuUrhland,  Leouhard'a  Tasdienb.,  1824,  II.,  p. 
501. 
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geol«gy  proper  and  of  palaeontology  concur  in  the  main  to  prove,  that  while  the 
globe  has  been  at  repeated  intervals,  and  indeed  frequently,  though  after  immensely 
long  periods,  altered  and  altered  again,  until  it  has  assumed  its  present  condition, 
so  have  also  animals  and  plants,  living  upon  its  surface,  been  again  and  again  extin- 
guished and  replaced  by  others,  until  those  now  living  were  called  into  existence 
with  man  at  their  head.  The  investigation  is  not  in  every  case  sufficiently  com- 
plete to  show  everywhere  a  coincidence  between  this  renovation  of  animals  and 
plants  and  the  great  physical  revolutions  which  have  altered  the  general  aspect  of 
the  globe,  but  it  is  already  extensive  enough  to  exhibit  a  frequent  synchronism  and 
correlation,  and  to  warrant  the  expectation  that  it  will,  in  the  end,  lead  to  a  com- 
plete demonstration  of  their  mutual  dependence,  not  as  cause  and  effect,  but  as  steps 
in  the  same  progressive  development  of  a  plan  which  embraces  the  physical  as  well 
as  the  organic  world. 

In  order  not  to  misapprehend  the  facts,  and  perhaps  to  fall  buck  upon  the 
idea,  that  these  changes  may  be  the  cause  of  the  differences  observed  between  the 
fossils  of  different  periods,  it  must  be  well  understood  that,  while  organized  beings 
exhibit  through  all  geological  formations  a  regular  order  of  succession,  the  character 
of  which  will  be  more  fully  illustrated  hereafter,  thiB  succession  has  been  from 
time  to  time  violently  interrupted  by  physical  disturbances,  without  any  of  these 
altering  in  any  way  the  progressive  character  of  that  succession  of  organized  beings. 
Truly  this  shows  thut  the  important,  the  leading  feature  of  this  whole  drama  is 
the  development  of  life,1  and  that  the  material  world  affords  only  the  elements  for 
its  realization.  The  simultaneous  disappearance  of  entire  fauna?,  and  the  following 
simultaneous  appearance  of  other  fauna?,  show  further  that,  as  all  these  fauna?  con- 
sist of  the  greatest  variety  of  types,1  in  all  formations,  combined  everywhere  into 
natural  associations  of  animals  and  plants,  between  which  there  have  been  definite 
relations  at  all  times,  their  origin  can  at  no  time  be  owing  to  the  limited  influence 
of  monotonous  physical  causes,  ever  acting  in  the  same  way.  Here,  again,  the 
intervention  of  a  Creator  is  displayed  in  the  most  striking  manner,  in  every  stage 
of  the  history  of  the  world. 


1  Das  a,  (.1.  D.,)  Addrcas,  q.  a.,  p.  94,  note  1. 


*  Agassi*,  (L.,)  GcoL  Times,  q.  u.,  p.  2o. 
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SECTION  XXIV. 

PARALLELISM  BETWEEN  THE  GEOLOGICAL  SUCCESSION  OF  ANIMALS  AND  PLANTS  AND 

THEIR  PRESENT  RELATIVE  STANDING. 

The  total  absence  of  the  highest  representatives  of  the  animal  kingdom  in  the 
oldest  deposits  forming  part  of  the  crust  of  our  globe,  has  naturally  led  to  the 
very  general  belief,  that  the  animals  which  have  existed  during  the  earliest  period 
of  the  history  of  our  earth  were  inferior  to  those  now  living,  nay,  that  there  is 
a  natural  gradation  from  the  oldest  and  lowest  animals  to  the  highest  now  in  exist- 
ence.1 To  some  extent  this  is  true  ;  but  it  is  certainly  not  true  that  all  animals 
form  one  simple  scries  from  the  earliest  times,  during  which  only  the  lowest  types 
of  annuals  would  have  been  represented,  to  the  last  period,  when  Man  appeared 
at  the  head  of  the  animal  creation.2  It  has  already  been  shown  (Sect  VII.)  that 
representatives  of  all  the  great  types  of  the  animal  kingdom  have  existed  from  the 
beginning  of  the  creation  of  organized  beings.  It  is  therefore  not  in  the  succes- 
sive appearance  of  the  great  branches  of  the  animal  kingdom,  that  we  may  expect 
to  trace  a  parallelism  between  their  succession  in  geological  times  and  their  relative 
standing  at  present  Nor  can  any  such  correspondence  be  observed  between  the 
appearance  of  classes,  at  least  not  among  Itadiata,  Mollusks,  and  Articulata,  as  their 
respective  classes  seem  to  have  been  introduced  simultaneously  upon  our  earth,  with 
perhaps  the  sole  exception  of  the  Insects,  which  are  not  known  to  have  existed 
before  the  Carboniferous  period.  Among  Vertebrata,  however,  there  appears  already  a 
certain  coincidence,  even  within  the  limits  of  the  classes,  between  the  time  of  their 
introduction,  and  the  rank  their  representatives  hold,  in  comparison  to  one  another. 
But  upon  this  point  more  hereafter. 

It  is  only  within  the  limits  of  the  different  orders  of  each  class,  that  the  paral- 
lelism between  the  succession  of  their  representatives  in  past  ages  and  their  respec- 
tive rank,  in  the  present  period,  is  decidedly  characteristic.  But  if  this  is  true,  it 
must  be  at  the  same  time  obvious  to  what  extent  the  recognition  of  this  corre- 
spondence may  be  influenced  by  the  state  of  our  knowledge  of  the  true  affinities 
and  natural  gradation  of  living  animals,  and  that  until  our  classifications  have  become 
the  correct  expression  of  these  natural  relations,  even  the  most  striking  coincidence 
with  the  succession  of  their  representatives  in  past  ages  may  be  entirely  overlooked. 
On  that  account  it  would  be  presumptuous  on  my  part  to  pretend,  tliat  1  could 


1  Sec  the  paltcontological  works  quoted  in  Sect.  21. 


«  Aoassiz,  (L.,)  Twelve  Lcct.,  etc.,  p.  25  and  GO. 
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illustrate  this  proposition,  through  the  whole  animal  kingdom,  as  such  an  attempt 
would  involve  the  assertion  that  I  know  all  these  relations,  or  that  where  there 
exists  a  discrepancy  between  the  classification  and  the  succession  of  animals,  the 
classification  must  be  incorrect,  or  the  relationship  of  the  fossils  incorrectly  appre- 
ciated. I  shall  therefore  limit  myself  here  to  a  general  comparison,  which  may, 
however,  be  sufficient  to  show,  that  the  improvements  which  have  been  introduced 
in  our  systems,  upon  purely  zoological  grounds,  have  nevertheless  tended  to  render 
more  apparent  the  coincidence  between  the  relative  standing  among  living  animals 
and  the  order  of  succession  of  their  representatives  in  past  ages,  I  have  lately 
attempted  to  show,  that  the  order  of  Halcyonoids,  among  Polyps,  is  superior  to  that 
of  Actinoids ; 1  that,  in  this  class,  compound  communities  constitute  a  higher  degree  of 
development,  when  contrasted  with  the  characters  and  mode  of  existence  of  single 
Polyps,  as  exhibited  by  the  Actinia;  that  top-budding  is  superior  to  lateral  budding; 
and  that  the  type  of  Madrepores,  with  their  top-animal,  or  at  least  with  a  defi- 
nite and  limited  number  of  tentacles,  is  superior  to  all  other  Actinoids.  If  this  be 
so,  the  prevalence  of  Actinoids  in  older  geological  formations,  to  the  exclusion  of 
Halcyonoids,  the  prevalence  of  Jiiit/om  and  Tabulate  in  the  oldest  deposits,1  the 
later  prevalence  of  Astneoids,  and  the  very  late  introduction  of  Madrepores,  would 
already  exhibit  a  correspondence  between  the  rank  of  the  living  Polyps  and  the 
representatives  of  that  class  in  past  ages,  though  we  may  hardly  expect  a  very  close 
coincidence  in  this  respect  between  animals  the  structure  of  which  is  so  simple. 

The  gradation  among  the  orders  of  Eehinodenns  is  perfectly  plain.  Lowest 
stand  the  Crinoids,  next  the  Asterioids,  next  the  Echinoids,  and  highest  the  Holo- 
thurioids.  Ever  since  this  class  has  been  circumscribed  within  its  natural  limits, 
this  succession  has  been  considered  as  expressing  their  natural  relative  standing,  and 
modern  investigations  respecting  their  anatomy  and  embryology,  however  extensive, 
have  not  led  to  any  important  change  in  their  classification,  as  far  as  the  estimation 
of  their  rank  is  concerned.  This  is  also  precisely  the  order  in  which  the  representa- 
tives of  this  class  have  successively  been  introduced  upon  earth  in  past  geological  ages. 
Among  the  oldest  formations  we  find  pedunculated  Cinoids*  only,  and  this  order 
remains  prominent  for  a  long  series  of  successive  periods;  next  come  free  Crinoids 
and  Asterioids;  next  Echinoids,'  the  successive  appearance  of  which  since  the  triasic 


1  For  clarification  of  Polypi,  see  Dan  a,  q.  a.,  p, 
31.  note  2  ;  also  Milnk-E»waki>s  ami  Haum,  q.  a., 
and  Agassi/.,  (L.,)  Classification  of  Polyps  Proe. 
Am.  Acad.  So.  and  Arts,  l&ifi,  p.  187. 

1  See  MiLNE-KmvAKD.H  and  Hume,  q.  n.,  p.  31. 

*  Miller,  Crinoids,  q.  a.  —  D'Owuc.nt,  q.  a.  — 
J.  Hall,  q.  a.  —  Austin-,  q.  a.,  p.  96. 


*  Bee  the  work*  q.  a.,  p.  9G ;  also:  Mcllkk,  (J.,) 
and  TttOflCHKL,  (F.  II.,)  System  der  Asteriden, 
Braunschweig,  18 12,  4to.  fig.  —  ML'ller,  (J.,)  Ueber 
den  Bail  der  Echinodermen,  Berlin,  1804,  4 to.  —  Tie- 
demas,  Anatomie  der  Rohrcn-IIololhurie,  des 

Seeigck,  etc.,  Landshut,  1S17,  fol.  fig.  —  Valentin, 
(G.,)  Anut.  du  gernc  Echinus,  Ncuchatel,  1842,  4to. 
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period  to  the  present  day,  coincides  also  with  the  gradation  of  their  subdivisions, 
as  determined  by  their  structure;  and  it  was  not  until  the  present  period,  that  the 
highest  Echinoderms,  the  Holothurioids,  have  assumed  a  prominent  position  in  their 
class. 

Among  Accphala  there  is  not  any  more  uncertainty  respecting  the  relative  rank 
of  their  living  representatives,  than  among  Echinoderms.  Every  zoologist  acknowl- 
edges the  inferiority  of  the  Bryozoa  and  the  Brachiopods 1  when  compared  with  the 
Lamcllibranchiata,  and  among  these  the  inferiority  of  the  Monomyaria  in  compari- 
son with  the  Dimyaria  would  hardly  be  denied.  Now  if  any  fact  is  well  established 
in  Palaeontology,  it  is  the  earlier  appearance  and  prevalence  of  Bryozoa  and  Bra- 
chiopods in  the  oldest  geological  formations,  and  their  extraordinary  development 
for  a  long  succession  of  ages,  until  Lamellibranchiata  assume  the  ascendency  which 
they  maintain  to  the  fullest  extent  at  present.  A  closer  comparison  of  the  differ- 
ent families  of  these  orders  might  further  show  how  close  this  correspondence  is 
through  all  ages. 

Of  Gasteropoda  I  have  nothing  special  to  say,  as  every  palaeontologist  is  aware 
how  imperfectly  their  remains  have  been  investigated  in  comparison  with  what  has 
been  done  for  the  fossils  of  other  classes.  Yet  the  Puhnonata  are  known  to  be 
of  more  recent  origin  than  the  Branchifera,  and  among  these  the  Siphonostomata 
to  have  appeared  later  than  the  Holostomata,  and  this  exhibits  already  a  general 
coincidence  between  their  succession  in  time  and  their  respective  rank. 

Our  present  knowledge  of  the  anatomy  of  the  Nautilus,  for  which  science  is 
indebted  to  the  skill  of  Owen,*  may  satisfy  everybody  that  among  Cephalopoda  the 
Tetrahranchiata  are  inferior  to  the  Dibranchiata ;  and  it  is  not  too  much  to  say, 
that  one  of  the  first  points  a  collector  of  fossils  may  ascertain  for  himself,  is  the 
exclusive  prevalence  of  the  representatives  of  the  first  of  these  types  in  the  oldest 
formations,  and  the  later  appearance,  about  the  middle  geological  ages,  of  represent- 
atives of  the  other  type,  which  at  present  is  the  most  widely  distributed. 

Of  Worms,  nothing  can  be  said  of  importance  with  reference  to  our  inquiry ; 


*  Okiiio.nv,  (A.  n\)  Bryozuires,  Ann.  Sr.  Nnt.,  .1e 
iter.  1851,  vol.  16,  p.  292.  —  Ci  vieu,  (C)  Memoire 
»ur  I'liniinul  de  la  Lingule,  Ann.  .M..-.  I.,  p.  G9.  fig. — 
VoiiT,  (('.,)  Anntumii'  der  Lingiila  nnniiim,  N.  Mem. 
Six-.  JI.  lv.  184.1,  VII.,  4io.  fig.  — Owe*,  (R.,)  On  ilie 
Anatomy  of  [he  Bnichio|>odn,  Trans.  Zool.  Sue.,  I. 
4to.,  |>.  1  45,  fig. —  Oil  the  Anntomy  of  the  Terebrntula, 
18.13,  4lo.  fig.  (l'ala-ont.  Soc.) — Bl'dl,  (L.  v..)  lebcr 
Terebruteln,  q.  a.,  p.  97 — Davidkox,  (Til.,)  Monogr. 
etc.,  q.  o.,  p.  97.  —  PoLI  (Xav..)  Testacea  utriu«|iie 


Siciliu',  eonimqun  IIi«toria  et  Anatomin,  Parnw, 
1791-93,  2  vol*.  foL  fig.,  continued  by  l>elle  Chinje. 

•  Owkx,  (It.,)  Memoir  on  the  Pearly  Nuuhlu*, 
London,  18.12,  4to.  fig.  —  Valexcienxes,  (A.,)  Nou- 
velles  Recherche*  aruitomiqucs  sur  le  Nautile.  C.  It., 
Pari*,  184 1,  4lo.  —  Clviek,  (G.,)  Memoires  jiour 
acrvir  a  I'HUtoirc  et  k  l'Anatomie  de-i  Mollusquc*, 
Pari*,  1817,  4io.  fig. —  Edwards,  (II.  M.,)  Qiatke- 
yxr.y.s,  (Ar.de,)  et  Bi.anchahd,  (Em.)  Voyage  en 
Sieile,  Paris  3  voU.  4to.  fig.  (without  date.) 
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but  the  Crustacea  exhibit,  again,  the  most  striking  coincidence.  Without  entering 
into  details,  it  appears  from  the  classification  of  Milne-Edwards  that  Decapods,  Sto- 
mapods,  Amphipods,  and  Isopods  constitute  the  higher  orders,  while  Branchiopods, 
Entomostraca,  Trilobites,  and  the  parasitic  types,  constitute,  with  Limulus,  the  lower 
orders  of  this  class.1  In  the  classification  of  Dana,*  his  first  type  embraces  Deca- 
pods and  Stomapods,  the  second  Amphipods  and  Isopods,  the  third  Entomostrnca, 
including  Branchiopods,  the  fourth  Cirripedia,  and  the  fifth  Rotatoria.  Both  acknowl- 
edge in  the  main  the  same  gradation ;  though  they  differ  greatly  in  the  combina- 
tion of  the  leading  groups,  and  also  the  exclusion  by  Milne-Edwards  of  some  types, 
as  the  Rotifera,  which  Burmeister  first,  then  Dana  and  Leydig,  unite  justly,  as  I 
believe,  with  the  Crustacea.8  This  gradation  now  presents  the  most  perfect  coinci- 
dence with  the  order  of  succession  of  Crustacea  in  past  geological  ages,  even  down 
to  their  subdivisions  into  minor  groups.  Trilobites  and  Entomostraca  are  the  only 
representatives  of  the  class  in  paheozoic  rocks;  in  the  middle  geological  ages  appear 
a  variety  of  Shrimb,  among  which  the  Macrouran  Decapods  are  prominent,  and  later 
only  the  Brachyoura,  which  are  the  most  numerous  in  our  days. 

The  fragmentary  knowledge  we  possess  of  the  fossil  Insects,  does  not  justify 
us,  yet,  in  expecting  to  ascertain  with  any  degree  of  precision,  the  character  of 
their  succession  through  all  geological  formations,  though  much  valuable  information 
has  already  been  obtained  respecting  the  entomological  fauna?  of  several  geological 
periods.4 

The  order  of  succession  of  Vertebrata  in  past  ages,  exhibits  features  in  many 
respects  differing  greatly  from  the  Artieulata,  Mollusks,  and  Radiata.  Among  these 
we  find  their  respective  classes  appearing  simultaneously  in  the  oldest  periods  of 
the  history  of  our  earth.  Not  so  with  the  Vertebrata,  for  though  Fishes  may  be 
as  old  as  any  of  the  lower  classes,  Reptiles,  Birds,  and  Mammalia  are  introduced 
successively  in  the  order  of  their  relative  rank  in  their  type.  Again,  the  earliest 
representatives  of  these  classes  do  not  always  seem  to  be  the  lowest ;  on  the  con- 
trary, they  are  to  a  certain  extent,  and  in  a  certain  sense,  the  highest,  in  as  far 
as  they  embody  characters,  which,  in  later  periods,  appear  separately  in  higher 
classes,  (See  Sect  2G,)  to  the  exclusion  of  what  henceforth  constitutes  the  special 
character  of  the  lower  class.  For  instance,  the  oldest  Fishes  known  partake  of 
the  characters,  which,  at  a  later  time,  arc  exclusively  found  in  Reptiles,  and  no 
longer  belong  to  the  Fishes  of  the  present  day.  It  may  be  said,  that  the  earliest 
Fishes  are  rather  the  oldest  representatives  of  the  type  of  Vertebrata  than  of  the 


1  Milke-Edwahds,  Hist.  Nat  dea  CrustacCs,  1  Letdio,  (Fr.,)  Radcrthiere,  etc,  Zc-iuch.  f. 

Pari*,  1834-40,  3  vols.  8vo.  whs*.  Zool.  1854,  vol.  6,  p.  1. 

*  Dana,  (J.  D.,)  Cnwtncea,  q.  iu,  p.  32.  4  HUB,  q.  a. ;  Buodik,  q.  a.,  p.  98. 
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class  of  Fishes,  and  that  this  class  assumes  only  its  proper  characters  after  the 
introduction  of  the  class  of  ReptUcs  upon  earth.  Similar  relations  may  be  traced 
between  the  Reptiles  and  the  classes  of  Birds  and  Mammalia,  which  they  precede. 
I  need  only  allude  here  to  the  resemblance  of  the  Pterodactyli  and  the  Birds,  and 
to  that  of  Ichthyosauri  and  certain  Ceta'cea.  Yet,  through  all  these  intricate  rela- 
tions, there  runs  an  evident  tendency  towards  the  production  of  higher  and  higher 
types,  until  at  last,  Man  crowns  the  whole  series.  Seen  as  it  were  at  a  distance, 
so  that  the  mind  can  take  a  general  survey  of  the  whole,  and  perceive  the  con- 
nection of  the  successive  steps,  without  being  bewildered  by  the  details,  such  a 
series  appears  like  the  development  of  a  great  conception,  expressed  in  such  har- 
monious proportions,  that  every  link  appears  necessary  to  the  full  comprehension 
of  its  meaning,  and  yet,  so  independent  and  perfect  in  itself,  that  it  might  be 
mistaken  for  a  complete  whole,  and  again,  so  intimately  connected  with  the  pre- 
ceding and  following  members  of  the  scries,  that  one  might  be  viewed  as  flowing 
out  of  the  other.  What  is  universally  acknowledged  as  characteristic  of  the  highest 
conceptions  of  genius,  is  here  displayed  in  a  fulness,  a  richness,  a  magnificence, 
an  amplitude,  a  perfection  of  details,  a  complication  of  relations,  which  bafiie  our 
skill  and  our  most  persevering  efforts  to  appreciate  all  its  beauties.  Who  can 
look  upon  such  series,  coinciding  to  such  an  extent,  and  not  read  in  them  the 
successive  manifestations  of  a  thought,  expressed  at  different  times,  in  ever  new 
forms,  and  yet  tending  to  the  mime  end,  onwards  to  the  coming  of  Man,  whose 
advent  is  already  prophesied  in  the  first  appearance  of  the  earliest  Fishes! 

The  relative  standing  of  plants  presents  a  somewhat  different  character  from  that 
of  animals.  Their  great  types  are  not  built  upon  so  strictly  different  plans  of 
structure;  they  exhibit,  therefore,  a  more  uniform  gradation  from  their  lowest  to 
their  highest  types,  which  arc  not  personified  in  one  highest  plant,  as  the  highest 
animals  are  in  Man. 

Again,  Zoology  is  more  advanced  respecting  the  limitation  of  the  most  compre- 
hensive general  divisions,  than  Botany,  while  Botany  is  in  advance  respecting  the 
limitation  and  characteristics  of  families  and  genera.  There  is,  on  that  account,  more 
diversity  of  opinion  among  botanists  respecting  the  number,  and  the  relative  rank 
of  the  primary  divisions  of  the  vegetable  kingdom,  than  among  zoologists  respecting 
the  great  branches  of  the  animal  kingdom.  While  most  writers1  agree  in  admittiug 
among  plants,  such  primary  groups  as  Acotyledones,  Monoootyledones,  and  Dicotyle- 
dones,  under  these  or  other  names,  others  would  separate  the  Gymnosperms  from 
the  Dicotyledones.1 

It  appears  to  me,  that  this  point  in  the  classification  of  the  living  plants  cannot 
1  Qttrmr,  etc,  q.  a.,  p.  08.  *  Ad.  Bronoxiart,  clc,  q.  il,  p.  93. 
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be  fully  understood  without  a  thorough  acquaintance  with  the  fossils  and  their 
distribution  in  the  successive  geological  formations,  and  that  this  case  exhibits 
one  of  the  most  striking  examples  of  the  influence  classification  may  have  upon 
our  appreciation  of  the  gradation  of  organized  beings  in  the  course  of  time.  As 
long  as  Gymnosperms  stand  among  Dicotyledones,  no  relation  can  be  traced  between 
the  relative  standing  of  living  plants  and  the  order  of  succession  of  their  repre- 
sentatives in  past  ages.  On  the  contrary,  let  the  true  affinity  of  Gymnosperms 
with  Ferns,  Equisetacea;,  and  especially  with  Lycopodiaceae  be  fully  appreciated,  and 
at  once  we  see  how  the  vegetable  kingdom  has  been  successively  introduced  upou 
earth,  in  an  order  which  coincides  with  the  relative  position  its  primary  divisions 
bear  to  one  another,  in  respect  to  their  rank,  as  determined  by  the  complication 
of  their  structure.  Truly,  the  Gymnosperms,  with  their  imperfect  flower,  their  open 
carpels,  supporting  their  polyembryonic  seeds  in  their  axis,  arc  more  nearly  allied 
to  the  anathic  Acrophytes,  with  their  innumerable  spores,  than  to  cither  the  Mono- 
cotyledones  or  Dicotylcdones ;  and,  if  the  vegetable  kingdom  constitutes  a  graduated 
series  beginning  with  Cryptoganes,  followed  by  Gymnosperms,  and  ending  with 
Monocotyledones  and  Dicotyledones,  have  we  not  in  that  scries  the  most  striking 
coincidence  with  the  order  of  succession  of  Cryptogams  in  the  oldest  geological  forma- 
tions, especially  with  the  Ferns,  Equisetacea?,  and  Lyeopodiacea}  of  the  Carboniferous 
period,  followed  by  the  Gymnosperms  of  the  Trias  and  Jura  and  the  Monocoty- 
ledones of  the  same  formation  and  the  late  development  of  Dicotyledones?  Here, 
as  everywhere,  there  is  but  one  order,  one  plan  in  nature. 


SECTION  XXV. 

PARALLELISM  BETWEEN  THE  GEOLOGICAL  SUCCESSION  OF  ANIMALS  AND  THE  EMBRYONIC 
GROWTH  OF  THEIR  LIVING  REPRESENTATIVES. 

Several  authors  have  already  alluded  to  the  resemblance  which  exists  between 
the  young  of  some  of  the  animals  now  living,  and  the  fossil  representatives  of  the 
same  families  in  earlier  periods.1  But  these  comparisons  have,  thus  far,  been  traced 
only  in  isolated  cases,  and  have  not  yet  led  to  a  conviction,  that  the  character 
of  the  succession  of  organized  beings  in  past  ages,  is  such,  in  general,  as  to  show 


•  Aoassiz  ,  (L.,)  Poiss.  fas*.,  q.  m  p.  54.  —  Em- 
bryonic Types,  q.  ii.,  p.  11.  — Twelve  LctL,  etc,  p.  8. 
—  F.dwakds,  (II.  Milke,)  Cotuidcnitions  sur  quel- 


qufls  principes  relaiifn  a  la  Clarification  nnturelle 
de»  animaux,  An.  Sc.  Not.,  8c  iscr.,  1844,  1  vol. 
p.  65. 
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a  remarknble  agreement  with  the  embryonic  growth  of  animals;  though  the  state 
of  our  knowledge  in  Embryology  and  Palaeontology  justifies  now  such  a  conclusion. 
The  facts  most  important  to  a  proper  appreciation  of  this  point*  have  already  been 
considered  in  the  preceding  paragraph,  as  far  as  they  relate  to  the  order  of  suc- 
cession of  animals,  when  compared  with  the  relative  rank  of  their  living  repre- 
sentatives. In  examining  now  the  agreement  between  this  succession  and  the  phases 
of  the  embryonic  growth  of  living  animals,  we  may,  therefore,  take  for  granted, 
that  the  order  of  succession  of  their  fossil  representatives  in  sufficiently  present 
to  the  mind  of  the  reader,  to  afford  a  satisfactory  basis  of  comparison.  Too 
few  Corals  have  been  studied  embryologically,  to  afford  extensive  means  of  com- 
parison ;  yet  so  much  is  known,  that  the  young  polyp,  when  hatched,  is  an  inde- 
pendent, simple  animal,  that  it  is  afterwards  incased  in  a  cup,  secreted  by  the  foot  of 
the  actinoid  embryo,  which  may  be  compared  to  the  external  wall  of  the  llugosa} 
and  that  the  polyp  gradually  widens  until  it  has  reached  its  maximum  diameter, 
prior  to  budding  or  dividing,  while  in  ancient  corals  this  stage  of  enlargement  seems 
to  last  during  their  whole  life,  as,  for  example,  in  the  Cyathophylloids.  None  of  the 
ancient  Corals  form  those  large  communities,  composed  of  myriads  of  united  individ- 
uals, so  characteristic  of  our  coral  reefs;  the  more  isolated  and  more  independent 
character  of  the  individual  polyps  of  past  ages  presents  a  striking  resemblance  to 
the  isolation  of  young  corals,  in  all  the  living  types.  In  no  class  is  there,  however, 
so  much  to  learn  still,  as  in  Polypi,  before  the  correspondence  of  their  embryonic 
growth,  and  their  succession  in  time,  can  be  fully  appreciated.  In  this  connection 
I  would  also  remark,  that  among  the  lower  animals,  it  is  rarely  observed,  that 
any  one,  even  the  highest  type,  represents  in  its  inetamoq>hoses  all  the  stages  of 
the  lower  types,  neither  in  their  development,  nor  in  the  order  of  their  succession ; 
and  that  frequently  the  knowledge  of  the  embryology  of  several  types  of  differ- 
ent standing,  is  required,  to  ascertain  the  connection  of  the  whole  series  in  both 
spheres. 

No  class  affords,  as  yet,  a  more  complete  and  more  beautiful  evidence  of  the 
correspondence  of  their  embryonic  changes,  with  the  successive  appearance  of  their 
representatives  in  past  ages,  than  the  Echinodcrms,  thanks  to  the  extensive  and 
patient  investigations  of  J.  Miiller  upon  the  metamorphoses  of  these  animals.*  Prior 
to  the  publication  of  his  papers,  the  metamorphosis  of  the  European  Comatida  alone 
was  known.  (See  Sect  XVIIL,  p.  85.)  This  had  already  shown,  that  the  early  stages 
of  growth  of  this  Echinoderm  exemplify  the  peduncated  Crinoids  of  past  ages.  I  have 
myself  seen  further,  that  the  successive  stages  of  the  embryonic  growth  of  Comatula 
typify,  as  it  were,  the  principal  forms  of  Crinoids  which  characterize  the  successive 

1  Milxe-Edwabds  et  Haute,  q.  il,  p.  81.  •  Mulleb,  (J.,)  Seven  papers,  q.  &.,  p.  71. 
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geological  formations;  first,  it  recalls  the  Cistoids  of  the  palaeozoic  rocks,  which  nre 
represented  in  its  simple  spheroidal  head,  next  the  few-plated  Platycrinoids  of  the 
Carboniferous  period,  next  the  Pentacrinoids  of  the  Lias  and  Oolithe,  with  their  whorls 
of  cirrhi,  and  finally,  when  freed  from  its  stem,  it  stands  as  the  highest  Crinoid, 
as  the  prominent  type  of  the  family,  in  the  present  period.  The  investigations  of 
Midler  upon  the  larvaj  of  all  the  families  of  living  Asterioids  and  Echinoids  enable 
Os  to  extend  these  comparisons  to  the  higher  Echinodenns  also.  The  first  point 
which  strikes  the  observers  in  the  facts  ascertained  by  Midler,  is  the  extraordinary 
similarity  of  so  many  larva?,  of  such  different  orders  and  different  families  as  the 
Ophiuroids  and  Asterioids,  the  Echinoids  proper  and  the  Spatangoids,  and  even  the 
Holothurioids,  all  of  which  end,  of  course,  in  reproducing  their  typical  peculiarities. 
It  Is  next  very  remarkable,  that  the  more  advanced  larval  state  of  Echinoids  and 
Spatangoids  should  continue  to  show  such  great  similarity,  that  a  young  Ainphidetus 
hardly  differs  from  a  young  Echinus.1  Finally,  not  to  extend  these  remarks  too  for, 
I  would  only  add,  that  these  young  Echinoids  (Spatangus,  as  well  as  Echinus  proper) 
have  rather  a  general  resemblance  to  Cidaris,  on  account  of  their  large  spines, 
than  to  Echinus  proper.  Now,  these  facts  agree  exactly  with  what  is  known 
of  the  successive  appearance  of  Echinoids  in  past  ages;1  their  earliest  representa- 
tives belong  to  the  genera  Diadema  and  Cidaris,  next  come  true  Echinoids,  later 
only  Spatangoids.  When  the  embryology  of  the  Clypeastroids  is  known,  it  will, 
no  doubt,  afford  other  links  to  connect  a  larger  number  of  the  members  of  this 
series. 

What  is  known  of  the  embryology  of  Acephala,  Gasteropoda,  and  Cephulopoda, 
affords  but  a  few  data  for  such  comparisons.  It  is,  nevertheless,  worthy  of  remark, 
that  while  the  young  LameUibrauchuda  are  still  in  their  embryonic  stage  of  growth, 
they  resemble,  externally  at  least,  Braehiopods  *  more  than  their  own  parents,  and 
the  young  shells  of  all  Gasteropods4  known  in  their  embryonic  stage  of  growth, 
being  all  holostomate,  recall  the  oldest  types  of  that  class.  Unfortunately,  nothing 
is  yet  known  of  the  embryology  of  the  Chambered  Cephalopoda,  which  are  the  only 
ones  found  in  the  older  geological  formations,  aud  the  changes  which  the  shield  of 
the  Dibranchiatu  undergoes  have  not  yet  been  observed,  so  that  no  comparisons  can 
be  established  between  them  and  the  Belemnites  and  other  representatives  of  this 
order  in  the  middle  und  more  recent  geological  ages. 

Respecting  Worms,  our  knowledge  of  the  fossils  is  too  fragmentary  to  lead  to 
any  conclusion,  even  should  our  information  of  the  embryology  of  these  animals 


1  Compare  J.  M  tiller'*  1st  pi»|>er,  pi.  III.,  with 
pi*.  IV.-VIL,  and  with  pi*.  VI.  and  VII.,  4ih  paper. 
■  Aoassiz,  (L.,)  Twelve  Lecture*,  q.  fu,  etc.  p.  25. 


*  See  ihe  works,  q.  o->  p.  73,  note  1. 
4  See  the  works,  q.  a.,  p.  73,  note  2,  especially 
tl>o*e  relating  to  Xudibranehiata. 
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be  sufficient  as  a  basis  for  similar  comparisons.  The  class  of  Crustacea,  on  the 
contrary,  is  very  instructive  in  this  respect  ;  but,  to  trace  our  comparisons  through 
the  whole  series,  it  is  necessary  that  we  should  consider  simultaneously  the  em- 
bryonic growth  of  the  higher  Entotnostraca,  such  as  Limulus,  and  that  of  the  highest 
order  of  the  class,1  when  it  will  appear,  that  as  the  former  recall  in  early  life 
the  form  and  character  of  the  Trilobites,  so  does  the  young  Crab  passing  through 
the  form  of  the  Isopods,  and  that  of  the  Macrouran  Decapods,  before  it  assumes  its 
typical  form  as  Brachyouran,  recall  the  well-known  succession  of  Crustacea  through 
the  geological  middle  ages  and  the  tertiary  periods  to  the  present  day.  The  early 
appearance  of  Scorpions,  in  the  Carlxmiferous  period,  is  probably  also  a  fact  to  the 
point,  if,  as  I  have  attempted  to  show,  Arachnidians  may  be  considered  as  exemplify- 
ing the  chrysalis  stage  of  development  of  Insects;1  but,  for  reasons  already  stated 
(Sect.  XXIV.)  it  is  hardly  possible  to  take  Insects  into  consideration  in  these  inquiries. 

In  my  researches  upon  fossil  Fishes,*  I  have  pointed  out  at  length  the  embryonic 
character  of  the  oldest  fishes,  but  much  remains  to  be  done  in  that  direction. 
The  only  fact  of  importance  I  have  learned  of  late,  is  that  the  young  Lepidosteus. 
long  after  it  has  been  hatched,  exhibits  in  the  form  of  its  tail,  characters,  thus 
lar  only  known  among  the  fossil  fishes  of  the  Devonian  system.4  It  is  to  be  hoped, 
that  the  embryology  of  the  Crocodile  will  throw  some  light  upon  the  succession 
of  the  gigantic  Reptiles  of  the  middle  geological  ages,  as  I  shall  show,  that  the 
embryology  of  Turtles  throws  light  upon  the  fossil  Chclonians.  It  is  already  plain, 
that  the  embryonic  changes  of  Batrachians  coincide  with  what  is  known  of  their 
succession  in  past  ages.5  The  fossd  Birds  arc  too  little  known,  and  the  fossil 
Mammalia8  do  not  extend  through  a  sufficiently  long  scries  of  geological  formations 
to  afTord  many  striking  points  of  comparison ;  yet,  the  characteristic  peculiarities 
of  their  extinct  genera  exhibit  everywhere  indications,  that  their  living  representa- 
tives in  early  life  resemble  them  more  than  they  do  their  own  parents.  A  minute 
comparison  of  a  young  elephant,  with  any  mastodon,  will  show  this  most  fully, 
not  only  in  the  pecidiarities  of  their  teeth,  but  even  in  the  proportion  of  their 
limbs,  their  toes,  etc 

It  may,  therefore,  be  considered  as  a  general  fact,  very  likely  to  be  more  fully 
illustrated  as  investigations  cover  a  wider  ground,  that  the  phases  of  development 
of  all  living  animals  correspond  to  the  order  of  succession  of  their  extinct  repre- 
sentatives in  past  geological  times.     As  far  as  this  goes,  the  oldest  representatives 


1  Aoassiz,  (L-,)  Twelve  Lecture*,  clc,  p.  66.  1  See  the  works  q.  a.,  p.  82,  note  S. 

*  Cln-wif.  of  LmetSj  q.  a.,  p.  85.  '  CtTT,  Os.  foss.,  q.  a.:   also,  AoAMBC,  (L.f) 

•  l'i .  i  -  - ,  !n  -  - 1 1.  ■  ■ .  q.  a.,  p.  54.  Zoological  Character  of  Young  Mammalia,  Proe.  Am. 

♦  AoAasiz,  (L.,)  Lake  Superior,  etc,  p.  254.  Am.  Adr.  Sc.,  Cambridge,  1819,  p.  85. 
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of  every  class  may  then  be  considered  as  embryonic  types  of  their  respective  orders 
or  families  among  the  living.  Pedunculated  Crinoids  are  embryonic  types  of  the 
Comatuloids,  the  oldest  Echinoids  embryonic  representatives  of  the  higher  living 
families,  Trilobites  embryonic  types  of  Entomostraca,  the  Oolitic  Decapods  embryonic 
types  of  our  Crabs,  the  Heteroccrcal  Ganoids  embryonic  types  of  the  Lepidosteus, 
the  Andrias  Scheuchzeri  an  embryonic  prototype  of  our  Batrachians,  the  Zeuglodonts 
embryonic  Sirenidae,  the  Mostodonta  embryonic  Elephants,  etc 

To  appreciate,  however,  fully  and  correctly  all  these  relations,  it  is  further  neces- 
sary to  make  a  distinction  between  embryonic  types  in  general,  which  represent 
in  their  whole  organization  early  stages  of  growth  of  higher  representatives  of  the 
same  type,  and  embryonic  features  prevailing  more  or  less  extensively  in  the  charac- 
ters of  allied  genera,  as  in  the  case  of  the  Mastodon  and  Elephant,  and  what  I 
would  call  hi/peinbrifonic  types,  in  which  embryonic  features  are  developed  to  extremes 
in  the  further  periods  of  growth,  as,  for  instance,  the  wings  of  the  Bats,  which 
exhibit  the  embryonic  character  of  a  webbed  hand,  as  all  Mammalia  have  it  at 
first,  but  here  grown  out  and  developed  into  an  organ  of  flight,  or  assuming  in 
other  families  the  shape  of  a  fin,  as  in  the  Whale,  or  the  Sea-turtle,  in  which  the 
close  connection  of  the  fingers  is  carried  out  to  another  extreme. 

Without  entering  into  further  details  upon  this  subject,  which  will  be  fully 
illustrated  in  this  work,  enough  has  already  been  said  to  show,  that  the  leading 
thought  which  runs  through  the  succession  of  all  organized  beings  in  past  ages,  is 
manifested  again  in  new  combinations,  in  the  phases  of  the  development  of  the 
living  representatives  of  these  different  types.  It  exhibits  everywhere  the  working 
of  the  same  creative  Mind,  through  all  times,  and  upon  the  whole  Biirface  of  the 
globe. 


SECTION  XXVI. 

Pnoi'HETIC  TYPES  AMONG  ANIMALS. 

We  have  seen  in  the  preceding  paragraph,  how  the  embryonic  conditions  of 
higher  representatives  of  certain  types,  called  into  existence  at  a  later  time,  are 
typified,  as  it  were,  in  representatives  of  the  same  types,  which  have  existed  at 
an  earlier  period.  These  relations,  now  they  are  satisfactorily  known,  may  also  be 
considered  as  exemplifying,  as  it  were,  in  the  diversity  of  animals  of  an  earlier 
period,  the  pattern  upon  which  the  phases  of  the  development  of  other  animals 
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of  a  later  period  were  to  be  established.  They  appear  now,  like  a  prophecy  in 
those  earlier  times,  of  an  order  of  things  not  possible  with  the  earlier  combina- 
tions then  prevailing  in  the  animal  kingdom,  but  exhibiting  in  a  later  period,  in  a 
striking  manner,  the  antecedent  considerations  of  every  step  in  the  gradation  of 
animals. 

This  is,  however,  by  no  means  the  only,  nor  even  the  most  remarkable  case, 
of  such  prophetic  connections  between  facts  of  different  dates. 

Recent  investigations  in  Paleontology  have  let!  to  the  discovery  of  relations 
between  animals  of  past  ages  and  those  now  living,  which  were  not  even  suspected 
by  the  founders  of  that  science.  It  has,  for  instance,  been  noticed,  that  certain  types 
which  are  frequently  prominent  among  the  representatives  of  past  ages,  combine 
in  their  structure,  peculiarities  which  at  later  periods  are  only  observed  separately 
in  different,  distinct  types.  Sauriod  Fishes  before  Reptiles,  Pterodactyles  before  Birds, 
Ichthyosauri  before  Dolphins,  etc. 

There  are  entire  families,  among  the  representatives  of  older  periods,  of  nearly 
every  class  of  animals,  which,  in  the  state  of  their  perfect  development  exemplify 
such  prophetic  relations,  and  afford,  within  the  limit.-  of  the  animal  kingdom,  at 
least,  the  most  unexpected  evidence,  that  the  plan  of  the  whole  creation  had  been 
maturely  considered  long  before  it  was  executed.     Such  types,  I  have  for  some 
time  past,  been  in  the  habit  of  calling  proplietk  ti/pes.    The  Sauroid1  Fishes  of  the 
past  geological  ages,  are  an  example  of  this  kind.    These  Fishes,  which  have  pre- 
ceded the  appearance  of  Reptiles,  present  a  combination  of  ichthyic  and  reptilian 
characters,  not  to  be  found  in  the  true  members  of  this  class,  which  form  its  bulk 
at  present     The  Pterodactyles1  which  have  preceded  the  class  of  Birds,  and  the 
Ichthyosauri*  which  have  preceded  the  appearance  of  the  Crustacea,  are  other  exam- 
ples of  such  prophetic  types.     These  cases  suffice  for  the  present,  to  show  that 
there  is  a  read  difference  between  mbryouic  types  and  prophetic  types.  Embryonic 
types  are  in  a  measure  also  prophetic  types,  but  they  exemplify  only  the  pecu- 
liarities of  development  of  the  higher  representatives  of  their  own  types;  while 
prophetic  types  exemplify  structural  combinations  observed  at  a  later  period,  in  two 
or  several  distinct  types,  and  are,  moreover,  not  necessarily  embryonic  in  their 
character,  as  for  example,  the  Monkeys  in  comparison  to  Man;  while  they  may  be 
so,  «s  in  the  case  of  the  Pinnate,  Plantigrade,  and  Digitigrade  Caraivora,  or  still 
more  so  in  the  case  of  the  pedunculated  Crinoids* 

Another  combination  is  also  frequently  observed  among  animals,  when  a  series 
exhibits  such  a  succession  as  exemplifies  a  natural  gradation,  without  immediate 

1  Aoamsiz,  (L..)  Poiss.  foss.,  toL  2,  part  2.  *  Cvyier,  (C..,)  On,  fos^,  as  q.  a. 

■  Ct  viER,  (<;.,)  On,  foss.,  vol.  5,  p.  2.  *  See  above,  Sect.  25. 
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or  necessary  reference  to  either  embryonic  development  or  succession  in  time,  as  the 
Chambered  Cephalopoda.     Such  types  I  call  progressive  type*} 

Again,  a  distinction  ought  to  be  made  between  prophetic  types  proper  and 
what  I  would  call  synthetic  types,  though  both  are  more  or  less  blended  in  nature. 
Prophetic  types  proper,  are  those  which  in  their  structural  complications  lean  towards 
other  combinations  fully  realized  in  a  later  period,  while  synthetic  types,  are  those 
which  combine,  in  a  well  balanced  measure,  features  of  several  types  occurring  as 
distinct,  only  at  a  later  time.  Suuroid  Fishes  and  Ichthyosauri  are  more  distinctly 
synthetic  than  prophetic  types,  while  Ptqrodactyles  have  more  the  character  of 
prophetic  types;  so  are  also  Echinocrinus  with  reference  to  Echini,  Pentreinites  with 
reference  to  Asterioids,  and  Pentacrinus  with  reference  to  Comatula.  Full  illustra- 
tions of  these  different  cases  will  yet  be  needed  to  render  obvious  the  importance 
of  such  comparisons,  and  I  shall  not  fail,  in  the  course  of  this  work,  to  present 
ample  details  upon  this  subject  Enough,  however,  lias  already  been  said  to  show, 
that  the  character  of  these  relations  among  animals  of  past  ages,  compared  with  those 
of  later  periods  or  of  the  present  day,  exhibits  more  strikingly  than  any  other 
feature  of  the  animal  kingdom,  the  thoughtful  connection  which  unites  all  living 
beings,  through  all  ages,  into  one  great  system,  intimately  linked  together  from 
beginning  to  end. 


SECTION  XXVII. 


PARALLELISM  BETWEEN  TUE  STRUCTURAL  GRADATION  OF  ANIMALS  AND  THEIR 

EMBRYONIC  GROWTH. 


So  striking  is  the  resemblance  of  the  young  of  higher  animals  to  the  full-grown 
individuals  of  lower  types,  that  it  has  been  assumed  by  many  writers  that  all  the 
higher  animals  pass,  during  the  earlier  stages  of  their  growth,  through  phases  cor- 
responding to  the  permanent  constitution  of  the  lower  classes.  These  suppositions, 
the  results  of  incomplete  investigations,  have  even  become  the  foundation  of  a 
system  of  philosophy  of  Nature,  which  represents  all  animals  as  the  different  degrees 
of  development  of  a  few  primitive  types.1  These  views  have  been  too  generally 
circulated  of  late,  in  an  anonymous  work,  entitled  "Vestiges  of  Creation,"  to  recpaire 

1  Aoassiz,  (U)  On  t4«  Difference  between  don.  Tklmawku.)  Entrctiens  d'un  Philowphe  indicn 

Progressive,  Embryonic,  and  Prophetic  Type*,  etc.,  nvec  un  millionaire  fran9.aU,  Amsterdam,  174H,  2 

Proc.  Am.  Am.  Adv.  Sc.,  Cambridge,  181U,  p.  482.  vols.  8vo. — Okkx,  (Loh.,)  Lchrhucli  der  Natur-Phi- 

'  Lamakck,  q.  a.,  p.  2G.—  DcMailukt,  (Pseu-  losophie,  q.  a.,  p.  18.  — The  Vestige*  of  Creation,  etc. 
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further  mention  here.  It  has  ak  been  shown  above  (Sect.  VIII.)  that  animals  do 
not  form  such  a  simple  series  as  would  result  from  a  successive  development. 
There  remains,  therefore,  only  for  us  to  show  now  within  what  limits  the  natural 
gradation  which  may  he  traced  in  the  different  types  of  the  animal  kingdom,5  cor- 
responds to  the  changes  they  undergo  during  their  growth,  having  already  considered 
the  relations  which  exist  between  these  metamorphoses  and  the  successive  appear- 
ance of  animals  upon  earth,  and  between  the  latter  and  the  structural  gradation  or 
relative  standing  of  their  living  representatives.  Our  knowledge  of  the  complication 
of  structure  of  all  animals  is  sufficiently  advanced  to  enable  us  to  select,  almost  at 
random,  our  examples  of  the  correspondence  between  the  structural  gradation  of 
animals  and  their  embryonic  growth,  in  all  those  classes  the  embryologic  develop- 
ment of  which  has  been  sufficiently  investigated.  Yet,  in  order  to  show  more 
distinctly  how  closely  all  the  leading  features  of  the  animal  kingdom  are  combined, 
whether  we  consider  the  complication  of  their  structure,  or  their  succession  in  time, 
or  their  embryonic  development,  I  shall  refer  by  preference  to  the  same  types 
which  I  have  chosen  before  for  the  illustration  of  the  other  relations. 

Among  Echinoderms,  we  find  in  the  order  of  Crinoids  the  pedunculated  types 
standing  lowest,1  Comatulao  highest,  and  it  is  well  known  that  the  young  Comatula 
is  a  pedunculated  Crinoid,  which  only  becomes  free  in  later  life.3     J.  Miiller  has 
shown  that  among  the   Echinoids,  even   the  highest  representatives,  the  Spatan- 
goids,  differ  but  slightly   in   early  youth  from   the   Echinoids,  and  no  zoologist 
can  doubt  that  these  are  inferior  to  the  former.     Among  Crustacea,  Dana*  has 
insisted  particularly  upon  the  serial   gradation  which  may  be  traced  between  the 
different  types  of  Decapods,  their  order  being  naturally  from  the  highest  Bruchyoura, 
through  the  Anomoura,  the  Macroura,  the  Tetradecapods,  etc.,  to  the  Entomostraca ; 
the   Macrouran  character  of  the  embryo  of  our  Crabs  has  been  fully  illustrated 
by  Rathke,6  in  his  beautiful  investigations  upon  the  embryology  of  Crustacea.  I 
have   further  shown  that  the  young  of  Macroura  represents   even  Entomostraca 
forms,  some   of   these  young   having  been   described   as   representatives   of  that 
order."     The  correspondence  between  the  gradation  of  Insects  and  their  embryonic 
growth,  I  have  illustrated  fully  in  a  special  paper"     Similar  comparisons  have  been 
made  in  the  class  of  Fishes;8  among  Reptiles,  we  find  the  most  striking  examples 


1  See  the  works  quoted  from  p.  67-87,  also  Milne- 
Euh-akus,  q.  a.,  p.  112.  —  Thompson,  Critwids,  q.  a. 

■  MI'ller,  (J„)  Ueber  Pentacrinua  Caput-Mc- 
dusa:,  Berlin,  18.1.1,  lto.,  Ak.  d.  Wins. 

•  Forbes,  (En.,)  History  of  British  Starfishes 
London,  1831,  1  vol.  8vo.,  p.  10. 


4  Dan  a,  q.  ru,  p.  .12. —  Bi  rmrisitkr,  Cirripeds, 
q.  a.,  p.  7'X  —  Thompson-,  q.  a^  p.  79. 

•  Kathkk.  q.  a.,  p.  79. 

•  Twelve  Lecture*,  etc.,  p.  67. 
T  Classification  of  Insects,  q.  a. 
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of  this  kind  among  Batrachians 1  (see,  above,  Sect  XII.) ;  among  Birds,1  the  uniformly 
wehbed  foot,  in  all  young,  exhibits  another  correspondence  hetween  the  young 
of  higher  orders  and  the  permanent  character  of  the  lower  ones.  In  the  order 
of  Carnivora,  the  Seals,  the  Plantigrades,  and  the  Digitigrades  exemplify  the  same 
coincidence  between  higher  and  higher  representatives  of  the  same  types,  and  the 
embryonic  changes  through  winch  the  highest  pass  successively. 

No  more  complete  evidence  can  be  needed  to  show  that  there  exists  throughout 
the  animal  kingdom  the  closest  correspondence  between  the  gradation  of  their  types 
and  the  embryonic  changes  their  respective  representatives  exhibit  throughout  And 
yet  what  genetic  relation  can  there  exist  between  the  Pentacrinua  of  the  West 
Indies  and  the  Comatulae,  found  in  every  sea;  what  between  the  embryos  of  Spatan- 
goids  and  those  of  Echinoids,  and  between  the  former  and  the  adult  Echinus; 
what  between  the  larva  of  a  Crab  and  our  Lobsters;  what  between  the  Caterpillar 
of  a  Papilio  and  an  adult  Tinea,  or  an  adult  Sphinx;  what  between  the  Tadpole 
of  a  Toad  and  our  Menobranchus ;  what  between  a  young  Dog  and  our  Seals, 
unless  it  be  the  plan  designed  by  an  intelligent  Creator? 


SECTION  XXVIII. 

RELATIONS  BETWEEN  THE  STRUCTURE,  EMBRYONIC  GROWTH,  GEOLOGICAL  SUCCESSION,  AND 
TUE  GEOGRAPHICAL  DISTRIBUTION  OF  ANIMALS. 

It  requires  unusual  comprehensiveness  of  view  to  perceive  the  order  prevailing 
in  the  geographical  distribution  of  animals.  We  should,  therefore,  not  wonder  that 
this  branch  of  Zoology  is  so  far  behind  the  other  divisions  of  that  science.  Nor 
should  we  wonder  at  the  fact  that  the  geographical  distribution  of  plants  is  so  much 
better  known  than  that  of  animals,  when  we  consider  how  marked  a  feature  the 
vegetable  caqict  which  covers  the  surface  of  our  globe  is,  when  compared  with  the 
little  show  animals  make,  almost  everywhere.  And  yet  it  will,  perhaps,  some  day, 
be  easier  to  understand  the  relations  existing  between  the  geographical  distribution 
of  animals  and  the  other  general  relations  prevailing  among  animals,  because  the 
range  of  structural  differences  is  much  greater  among  animals  than  among  plants. 
Even  now,  some  curious  coincidences  may  be  pointed  out  which  go  far  to  show 
that  the  geographical  distribution  of  animals  stands  in  direct  relation  to  their  rela- 


1  Twelve  Lecture*,  etc.,  p.  8. 


Aoassiz,  (L.,)  Lake  Superior,  etc,  p.  194. 
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tive  standing  in  their  respective  classes,  and  to  the  order  of  their  succession  in 
past  geological  ages,  and  more  indirectly,  also,  to  their  embryonic  growth. 

Almost  every  class  has  its  tropical  families,  and  these  stand  generally  highest 
in  their  respective  classes;  or,  when   the  contrary  is  the  case,  when  they  stand 
evidently  upon  a  lower  level,  there  is  some  prominent  relation  between  them  and 
the  prevailing  types  of  past  ages.     The  class  of  Mammalia  affords  striking  examples 
of  these  two  kinds  of  connection.    In  the  first  place,  the  Quadrumana,  which,  next 
to  Man,  stand  highest  in  their  class,  are  all  tropical  animals;  and  it  is  worthy  of 
remark,  that  the  two  highest  types  of  Anthropoid  Monkeys,  the  Orangs  of  Asia  and 
the  Chimpanzees  of  Western  Africa  bear,  in  the  coloration  of  their  skin,  an  addi- 
tional similarity  to  the  races  of  Man  inhabiting  the  same  regions,  the  Orangs  being 
yellowish  red,  as  the  Malays,  and  the  Chimpanzee  blackish,  as  the  Negroes.  The 
Pachyderms,  on  the  contrary,  stand  low  in  their  class,  though  chiefly  tropical;  but 
they  constitute  a  group  of  animals  prominent  among  the  earliest  representatives  of 
that  class  in  past  ages.    Among  Chiroptera,  the  larger  frugivorous  representatives  are 
essentially  tropical ;  the  more  omnivorous,  on  the  contrary,  occur  everywhere.  Among 
Carnivore,  the  largest,  most  powerful,  and  also  highest  types,  the  Digitigrade,  prevail 
in  the  tropics,  while  among  the  Plantigrades,  the  most  powerful,  the  Bears,  belong 
to  the  temperate  and  to  the  arctic  zone,  and  tin*  lowest,  the  Pinnate,  are  marine 
species  of  the  temperate  and  arctic  seas.     Among  Ruminants,  we  find  the  Giraffe 
and  the  Camels  in  the  warmer  zones,  the  others  everywhere.    In  the  class  of  Birds 
the  gradation  is  not  so  obvious  as  in  other  classes,  and  yet  the  aquatic  types  form 
by  far  the  largest  representation  of  this  class  in  temperate  and  cold  regions,  and 
are  almost  the  only  ones  found  in  the  arctic,  while  the  higher  land  birds  prevail  in 
the  warm  regions.    Among  Reptiles,  the  Crocodilians  are  entirely  tropical;  the  largest 
land  Turtles  are  also  Only  found  in  the  tropics,  and  the  aquatic  representatives  of 
this  order,  which  are  evidently  inferior  to  their  land  kindred,  extend  much  further 
north.     The  Rattlesnakes  and  Vipers  extend  further  north  and  higher  up  the  moun- 
tains than  the  Boas  and  the  common  harmless  snakes.     The  same  is  true  of  Sala- 
manders and  Tritons.    The  Sharks  and  Skates  are  most  diversified  in  the  tropica  It 
is  also  within  the  tropics  that  the  most  brilliant  diurnal  Lcpidoptera  are  found,  and 
this  is  the  highest  order  of  Insects.     Among  Crustacea  the  highest  order,  the  Bra- 
chyoura,  are  most  numerous  in  the  torrid  zone ;  but  Dana  has  shown,  what  was  not 
at  all  expected,  that  they  nevertheless  reach  their  highest  perfection  in  the  middle 
temperate   regions.1     The  Anomoura  and   Macroura,  on  the  contrary,  arc  nearly 
equally  divided  between  the  torrid  and  temperate  zones;  while  the  lower  Tetrade- 
capods  are  far  more  numerous  in  extra  tropical  latitudes  than  in  the  tropical.  The 


1  Dxsa,  Crustacea,  p.  1501. 
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Cephalopoda  are  most  diversified  within  the  tropics;  yet  the  Nautilus  is  a  reminis- 
cence of  past  ages.  Among  Gasteropoda,  the  Stromhoidu  helong  to  the  tropics ;  hut 
among  the  lamelhbranchiate  Acephalo,  the  Naiades,  which  seem  to  me  to  stand  very 
high  in  their  class,  have  their  greatest  development  in  the  fresh  waters  of  North 
America.  The  highest  Echinoderms,  the  Holothurians  and  Spatangoids  are  most  diver- 
sified within  the  tropics,  while  Echini,  Starfishes,  and  Ophiuno  extend  to  the  arctic* 
The  presence  of  Pentacrinus  in  the  West  Indies  has  undoubtedly  reference  to  the 
prevalence  of  Crinoids  in  past  ages.  The  Madrepores,  the  highest  among  the  Acti- 
noid  Polypi,  are  entirely  tropical,  while  the  highest  Halcyonoids,  the  Renilla,  Vere- 
tillum,  and  Pennatulo,  extend  to  the  tropics  and  the  temperate  zone. 

Another  interesting  relation  between  the  geographical  distribution  of  animals  and 
their  representatives  in  past  ages,  is  the  absence  of  embryonic  types  in  the  warm 
regions.  We  find  in  the  torrid  zone  no  true  representatives  of  the  oldest  geo- 
logical periods ;  Pentacrinus  is  not  found  before  the  Lias ;  among  Cephalopods  we 
find  the  Nautilus,  but  nothing  like  Orthoceras;  Hamulus,  but  nothing  like  Trilobites. 

This  study  of  the  relations  between  the  geographical  distribution  of  animals,  and 
their  relative  standing,  is  rendered  more  difficult,  and  in  many  respects  obscure,  by 
the  circumstance  that  entire  types,  characterized  by  peculiar  structures,  are  so 
strangely  limited  in  their  range ;  and  yet,  even  this  bIiows  how  closely  the  geographi- 
cal distribution  of  animals  is  connected  with  their  structure.  Why  New  Holland 
should  have  no  Monkeys,  no  Carnivora,  no  Ruminants,  no  Pachyderms,  no  Edentata, 
is  not  to  be  explained;  but  that  this  is  the  cose,  every  zoologist  knows,  and  is 
further  aware,  that  the  Marsupials1  of  that  continental  island  represent,  as  it  were, 
the  other  orders  of  Mammalia,  under  their  special  structural  modifications.  New 
Holland  appears  thus  as  a  continent  with  the  characters  of  an  older  geological  age. 
No  one  can  fail,  therefore,  to  perceive  of  how  great  an  interest  for  Classification 
will  be  a  more  extensive  knowledge  of  the  geographical  distribution  of  animals  in 
general  and  of  the  structural  peculiarities  exhibited  by  localized  types. 

SECTION  XXIX. 

MUTUAL  DEPENDENCE  OF  THE  ANIMAL  AND  VEGETABLE  KINGDOMS. 

Though  it  had  long  been  known,  by  the  experiments  of  De  Saussure,  that  the 
breathing  process  of  animals  and  plants  are  very  different,  and  that  while  the  for- 

1  See  Sect.  U. 
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mcr  inhale  atmospheric  air,  and  exhale  carbonic  acid  gas,  the  latter  appropriate 
carbon  and  exhale  oxygen,  it  was  not  until  Dumas  and  Bousingault1  called  partic- 
ularly the  attention  of  naturalists  to  the  subject,  that  it  was  fully  understood  how 
direct  the  dependence  is  of  the  animal  and  vegetable  kingdoms  one  upon  the  other, 
in  that  respect,  or  rather  how  the  one  consumes  what  the  other  produces,  and  rice 
rersd,  thus  tending  to  keep  the  balance  which  cither  of  them  would  singly  disturb 
to  a  certain  degree.  The  common  agricultural  practice  of  manuring  exhibits  from 
another  side  the  dependence  of  one  kingdom  upon  the  other:  the  undigested 
particles  of  the  food  of  animals  return  to  the  ground,  to  fertilize  it  for  fresh  pro- 
duction.4 Again,  the  whole  animal  kingdom  is  either  directly  or  indirectly  dependent 
upon  the  vegetable  kingdom  for  its  sustenance,  as  the  herbivorous  animals  afford 
the  needful  food  for  the  carnivorous  tribes.  We  are  too  far  from  the  time  when 
it  could  be  supposed  that  "Worms  originated  in  the  decay  of  fruits  and  other  vege- 
table substances,  to  need  here  repetition  of  what  is  known  respecting  the  repro- 
duction of  these  animals.  Nor  can  it  be  necessary  to  show  how  preposterous  the 
assumption  would  be  that  physical  agents  produced  plants  first,  in  order  that  from 
these,  animals  might  spring  forth.  Who  could  have  taught  the  physical  agents  to 
make  the  whole  animal  world  dependent  upon  the  vegetable  kingdom? 

On  the  contrary,  such  general  facts  as  those  above  alluded  to,  show,  more  directly 
than  any  amount  of  special  disconnected  facts  could  do,  the  establishment  of  a  well- 
regulated  order  of  tilings,  considered  in  advance;  for  they  exhibit  well-balanced 
conditions  of  existence,  prepared  long  beforehand,  such  as  only  an  intelligent  being 
could  ordain. 


SECTION  XXX. 

PARASITIC  ANIMALS  AND  PLANTS. 

However  independent  of  each  other  some  animals  may  appear,  there  arc  yet 
many  which  live  only  in  the  closest  connection  with  their  fellow-creatures,  and 
which  are  known  only  as  parasites  upon  or  within  them.  Such  are  the  intestinal 
Worms,  and  all  the  vermin  of  the  skin.8    Among  plants,  the  Mistletoe,  Orobanche, 


1  Dt  MAS,  Le^on  tar  la  ulatique  chimique  dea 
etres  organises,  Ann.  Sc.  Nat.  2de  »5r.  vol  6,  p.  33 ; 
vol  17,  p.  122. 

•  Lir.iuo,  Agricultural  Chemistry  j  Animal  Chem- 
wtrjr. 

•  See  above,  p.  7C,  notes  1  and  2,  and  p.  77,  notes 


1  and  2 ;  sec  also  RuDOLrnt,  (K.  A.,)  Entozoorum 
rive  Vermium,  etc,  q.  a^  p.  31.  —  Bruiser,  (J.  G.,) 
Ueber  lebende  Warmer  im  lebenden  Mrnsclien, 
Wicn,  1819,  4to.  —  Di-JARDijt,  (F.,)  Hint.  Nat.  dc* 
Ilclminthcs,  etc.,  q.  a,  p.  32.  —  Diesino,  (C.  M.,) 
Historia  Vermium,  etc^  q.     p.  32. 
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Rafflema,  and  many  Orchideae  may  be  quoted  as  equally  remarkable  examples  of 
parasitism. 

There  exists  the  greatest  variety  of  parasites  among  animals.  It  would  take 
volumes  to  describe  them  and  to  write  their  history,  for  their  relations  to  the 
animals  and  plants  upon  which  they  are  dependent  for  their  existence  are  quite 
as  diversified  as  their  form  and  their  structure. 

It  is  important,  however,  to  remark,  at  the  outset,  that  these  parasites  do  not 
constitute  for  themselves  one  great  division  of  tho  animal  kingdom.  They  belong, 
on  the  contrary,  to  all  its  branches;  almost  every  class  has  its  parasites,  and  in 
none  do  they  represent  one  natural  order.  This  fact  is  very  significant,  as  it  shows 
nt  once  that  parasitism  is  not  based  upon  peculiar  combinations  of  the  leading 
structural  features  of  the  animal  kingdom,  but  upon  correlations  of  a  more  specific 
character.  Nor  is  the  degree  of  dependence  of  parasites  upon  other  organized 
beings  equally  close.  There  are  those  which  only  dwell  upon  other  animals,  while 
others  are  so  closely  connected  with  them  that  they  cannot  subsist  for  any  length 
of  time  out  of  the  most  intimate  relation  to  the  species  in  which  they  grow  and 
multiply.  Nor  do  these  parasites  live  upon  one  class  of  animals;  on  the  contrary, 
they  are  found  in  all  of  them. 

Among  Vertebrate  there  are  few  parasites,  properly  speaking.  None  among 
Mammalia.  Among  Birds,  a  few  species  depend  upon  others  to  sit  upon  their 
eggs  and  hatch  them,  as  the  European  Cuckoo,  and  the  North  American  Cowbird. 
Among  Fishes,  some  small  Ophidiums  (Fierasfers)  penetrate  into  the  cavity  of  the 
body  of  large  Holothuriae  in  which  they  dwell.1  Echeneis  attach  themselves  to 
other  fishes,  but  only  temporarily.  Among  Articulate,  the  number  of  parasites  is 
largest.  It  seems  to  lie  in  the  very  character  of  this  type,  so  remarkable  for  the 
outward  display  of  their  whole  organization,  to  include  the  greatest  variety  of 
parasites.  And  it  is  really  among  them,  that  we  observe  the  most  extraordinary 
combinations  of  this  singular  mode  of  existence. 

Insects,  in  general,  arc  more  particularly  dependent  upon  plants  for  their  sus- 
tenance tlion  herbivorous  animals  usually  are,  inasmuch  as  most  of  them  are 
limited  to  particular  plants  for  their  whole  life,  such  as  the  Plant-lice,  the  Coccus, 
the  Gall  Insects.  In  others,  the  larva?  only  are  so  limited  to  particular  plants,  while 
the  larvae  of  others  still,  such  as  the  Bote,  grow  and  undergo  their  development 
under  the  skin  or  in  the  intestines,  or  in  the  nasal  cavities  of  other  animals.  The 
Ichneumons  lay  their  eggs  in  the  lam©  of  other  insects,  upon  which  the  young 
larva?  prey  until  hatched.  Among  perfect  Insects,  there  arc  those  which  live  only 
in  community  with  others,  such  as  the  AntrHill  Insects,  the  Clavigers,  the  Clerus, 

1  6m  above,  p.  74,  nolc. 
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and  Bees.  Different  kinds  of  Ants  live  together,  if  not  as  parasites  one  upon  another, 
at  least  in  a  kind  of  servitude.  Other  Insects  live  upon  the  bodies  of  warm 
blooded  animals,  such  as  the  Fleas  and  Lice,  and  of  these  the  number  is  legion. 
Some  Ilydrachnas  are  parasitic  upon  aquatic  Mollusks.1 

Among  Crustacea,  there  are  Crabs  constantly  living  in  the  shell  of  Mollusks, 
such  as  the  Pinnotheres  of  the  Oyster  and  Mussel.  I  have  found  other  species  upon 
Sea-Urchins,  (Pinnotheres  Melitta),  a  new  species,  upon  Melitta  quinquefora).  The 
Paguri  take  the  shells  of  Mollusks  to  protect  themselves;  while  a  vast  number  of 
Amphipods  live  upon  Fishes,  attached  to  their  gills,  upon  their  tongue,  or  upon  their 
skin,  or  upon  Starfishes.'  The  Cyamus  Ceti  lives  upon  the  Whale.  Some  Cirripeds 
are  parasites  upon  the  Whales,  others  upon  Corals.  In  the  family  of  Lernamns, 
the  females  are  mostly  parasites  upon  the  gills  or  fins  or  upon  the  body  of  Fishes, 
while  the  males  are  free. 

Among  Worms  this  mode  of  existence  is  still  more  frequent,  and  while  some 
dwell  only  among  Corals,  entire  families  of  others  consist  only  of  genuine  parasites; 
but  here  again  we  find  the  most  diversified  relations;  for,  while  some  are  con- 
stantly parasitic,  others  depend  only  for  a  certain  period  of  their  life  upon  other 
animals  for  their  existence.  The  young  Gordius  is  a  free  animal ;  it  then  creeps 
into  the  body  of  Insects,  and  leaves  them  again  to  propagate ;  the  young  Distoma 
lives  free  in  the  water  as  Cercaria,  and  spends  the  remainder  of  its  life  in  other 
animals;  the  Taenia,  on  the  contrary,  is  a  parasite  through  life,  and  only  its  eggs 
pass  from  one  animal  into  the  other.  But  what  is  most  extraordinary  in  this, 
as  in  many  other  intestinal  Worms,  is  the  fact,  that  while  they  undergo  their  first 
transformations  in  some  kind  of  animals,  they  do  not  reach  their  complete  develop- 
ment until  they  pass  into  the  body  of  another  higher  type,  being  swallowed  up  by 
this  while  in  the  body  of  their  first  host  Such  is  the  case  with  many  Filaria?, 
the  Tamiae  and  Bothroccphali.  These  at  first  inhabit  lower  Fishes,  and  these  Fishes 
being  swallowed  by  Sharks  or  Water  Birds,  or  Mice  with  their  Worms  being  eaten 
up  by  Cats,  the  parasites  living  in  them  undergo  their  final  transformation  in  the 
latter.  Many  Worms  undertake  extensive  migrations  through  the  bodies  of  other 
animals,  before  they  reach  the  proper  place  for  their  final  development* 


1  NiTzscn,  (Cnu.  L.,)  Daretellung  der  Familien 
und  Gattungcn  der  Tuierinaekten,  Halle,  1818,  8vo. 
—  Hatdkn,  (C.  v.,)  Versuch  finer  ayslematieelien 
Eintheilung  der  Acarideo,  I-k  182C,  p.  608. — 
Ratzkxbiuo,  (J.  S.  C)  Die  Icbneutnonen  der 
Fonst  insektcn,  Berlin,  1844—52,  3  vols.  4to.  fig.— 
Clark,  (Bk.,)  Observations  on  the  Genus  Oestrus, 
Trans.  Lin.  Soc^  III.,  p.  289,  fig.  —  Kocit,  (C.  L.,) 


Die  PHan«.n-Lau«e,  Aphiden,  Nlirnberg,  1846,  8vo. 
fig.  —  LHciks,  (Ant.,)  Rerherchcn  gur  l'ordre  dee 
Acariews  Ann.  Sc.  Nat,  2de  ser.,  1834, 1.,  p.  5,  II., 
p.  18,  fig. 

■  I  have  found  a  new  genus  of  this  family  upon 
Asterias  Ilelianthoides. 

•  See  above,  p.  76,  note  1  ;  Siebold,  Wanderung, 
etc.,  p.  77,  note  1  i  SiKEsaTBur,  etc 
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Among  Mollusks,  parasites  are  very  few,  if  any  can  properly  be  called  true 
parasites,  as  the  males  of  some  Cephalopoda  living  upon  their  own  females;1  as  the 
Gasteropods  growing  buried  in  Corals'  and  the  Lithodomus  and  a  variety  of  Areas 
found  in  Corals.  Among  Radiata  there  arc  no  parasites,  properly  speaking;  some 
of  them  only  attaching  themselves  by  preference  to  certain  plants,  while  the  young 
of  others  remain  connected  with  their  parent,  as  in  all  Corals,  and  even  among 
Crinoids,  as  in  the  Comatula  of  Charleston. 

In  all  these  different  cases,  the  chances  that  physical  agpnts  may  have  a  share 
in  producing  such  animals  arc  still  less  than  in  the  cases  of  independent  animals, 
for  here  we  have  superadded  to  the  very  existence  of  these  beings  all  the  com- 
plicated circumstances  of  their  peculiar  mode  of  existence  and  their  various  con- 
nections with  other  animals.  Now,  if  it  can  already  be  shown  from  the  mere 
connections  of  independent  animals,  that  external  circumstances  cannot  be  the  cause 
of  their  existence,  how  much  less  could  such  an  origin  be  ascribed  to  parasites! 
It  is  true,  they  have  been  supposed  to  originate  in  the  body  of  the  animals  upon 
which  they  live.  What  then  of  those  who  enter  the  body  of  other  animals  at 
a  somewhat  advanced  stage  of  growth,  as  the  Gordius?  Is  it  a  freak  of  his? 
Or,  what  of  those  which  only  live  upon  other  animals,  such  as  lice ;  are  they  the 
product  of  the  skin?  Or,  what  of  those  which  have  to  pass  from  the  body  of 
a  lower  into  that  of  a  higher  animal,  to  undergo  their  final  metamorphosis  and 
in  which  this  succession  is  normal?  Was  such  an  arrangement  devised  by  the  first 
animal,  or  imposed  upon  the  first  by  the  second,  or  devised  by  physical  ageutd 
for  the  two?  Or,  what  of  those  in  which  the  females  only  are  parasites?  Had 
the  two  sexes  a  different  origin?  Did  perhaps  the  males  and  females  originate 
in  different  ways? 

I  am  at  a  loss  to  conceive  how  the  origin  of  parasites  can  be  ascribed  to 
physical  causes,  unless,  indeed,  animals  themselves  be  considered  as  physical  causes, 
with  reference  to  the  parasites  they  nourish;  and  if  so,  why  can  they  not  get 
rid  of  them,  as  well  as  produce  them,  for  it  cannot  be  supposed,  that  all  this 
is  not  done  consciously,  when  parasites  bear  such  close  structural  relations  to  the 
various  types  to  which  they  belong? 

The  existence  of  parasitic  animals  belonging  to  so  many  different  types  of  the 
animal  as  well  as  the  vegetable  kingdom,  is  a  fact  of  deep  meaning,  which  Man 
himself  cannot  too  earnestly  consider,  and,  while  he  may  marvel  at  the  fact,  take 
it  as  a  warning  for  himself,  with  reference  to  his  boasted  and  yet  legitimate  inde- 

1  See  above,  p.  74,  note  1,  Kullikek,  MUlleb,  *  RI'ppf.ll,  (Ed.,)  Mdraoire  gur  le  Magilua 

Vehjlnt  and  Voot,  etc  antiquus,  Trim*.  Soc.  Straab,  1832,  L,  fig. 
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pcndence.  All  relations  in  nature  are  regulated  by  a  superior  wisdom.  May  wo 
only  learn  in  the  end  to  conform,  within  the  limits  of  our  own  sphere,  to  the 
laws  assigned  to  each  race! 


SECTION  XXXI. 

COMBINATION  IN  TIME  AND  SPACE  OF  VARIOU8  KINDS  OF  RELATIONS  AMONG  ANIMALS. 

It  must  occur  to  every  reflecting  mind,  that  the  mutual  relation  and  respective 
parallelism  of  so  many  structural,  embryonic,  geological,  and  geographical  charac- 
teristics of  the  animal  kingdom  are  the  most  conclusive  proof,  that  they  were 
ordained  by  a  reflective  mind,  while  they  present  at  the  same  time  the  side  of 
nature  most  accessible  to  our  intelligence,  when  seeking  to  penetrate  the  relations 
between  finite  beings  and  the  cause  of  their  existence. 

The  phenomena  of  the  inorganic  world  arc  all  simple,  when  compared  to  those 
of  the  organic  world.  There  is  not  one  of  the  great  physical  agents,  electricity, 
magnetism,  heat,  light,  or  chemical  affinity,  which  exhibits,  in  its  sphere,  as  com- 
plicated phenomena  as  the  simplest  organized  beings;  and  we  need  not  look  for 
the  highest  among  the  latter,  to  find  them  presenting  the  same  physical  phenomena 
as  arc  manifested  in  the  material  world,  besides  those  which  are  exclusively  pecu- 
liar to  them.  When,  then,  organized  beings  include  every  thing  the  material  world 
contains,  and  a  great  deal  more  that  is  peculiarly  their  own,  how  could  they  be 
produced  by  physical  causes,  and  how  can  the  physicists,  acquainted  with  the  laws 
of  the  material  world,  and  who  acknowledge  that  these  laws  must  have  been 
established  at  the  beginning,  overlook  that  i  fortiori  the  more  complicated  laws 
which  regulate  the  organic  world,  of  the  existence  of  which  there  is  no  trace  for 
a  long  period  upon  the  surface  of  the  earth,  must  have  been  established,  later 
and  successively,  at  the  time  of  the  creation  of  the  successive  types  of  annuals 
and  plants? 

Tli  us  far,  we  have  been  considering  chiefly  the  contrasts  existing  between  the 
organic  and  inorganic  worlds.1  At  this  stage  of  our  investigation  it  may  not  be 
out  of  place  to  take  a  glance  at  some  of  the  coincidences  which  may  be  traced 
between  them,  especially  as  they  afford  direct  evidence  that  the  physical  world 
has  been  ordained  in  conformity  with  laws  which  obtain  also  among  living  beings, 
and  disclose,  in  both  spheres  equally  plainly,  the  workings  of  a  reflective  mind. 


1  Compart-  SccU.  24,  25,  26,  27,  28,  29,  and  30. 
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It  Ih  well  known,  that  the  arrangement  of  the  leaves  in  plants1  may  he  expressed 
by  very  simple  series  of  fractions,  all  of  which  are  gradual  approximations  to,  or 
the  natural  means  between  \  or  J,  which  two  fractions  are  themselves  the  maxi- 
mum and  the  minimum  divergence  between  two  single  successive  leaves.  The 
normal  series  of  fractions  which  expresses  the  various  combinations  most  frequently 
observed  among  the  leaves  of  plants,  is  as  follows:  },  J,  f,  f,  T8„  l\,  f$»  etc- 
Now,  upon  comparing  tins  arrangement  of  the  leaves  in  plants  with  the  revolu- 
tions of  the  members  of  our  solar  system,  Peirce  has  discovered  the  most  perfect 
identity  between  the  fundamental  laws  which  regulate  both,  as  may  be  at  once 
seen  by  the  following  diagram,  in  which  the  first  column  gives  the  names  of  the 
planets,  the  second  column  indicates  the  actual  time  of  revolution  of  the  successive 
planets,  expressed  in  days,  the  third  column  the  successive  times  of  revolution  of 
the  planets,  which  are  derived  from  the  hypothesis  that  each  time  of  revolution 
should  have  a  ratio  to  those  upon  each  side  of  it,  which  shall  be  one  of  the 
ratios  of  the  law  of  phyllotaxis ;  and  the  fourth  column,  finally,  gives  the  normal 
series  of  fractions  expressing  the  law  of  the  phyllotaxis. 


Neptune,  . 

60,129 

62,000 

Uranus,   .  . 

.   80,687  . 

.    31,000  . 

•      ■  * 

Saturn, 

10,759 

10,333 

•      •  * 

J  upiter, 

.     4,333    .       .  . 

4,133  . 

i 

Asteroid*,  . 

1400  to  2,000  . 

1,550 

•      •  1 

Mar*, 

•      6ST   •      •  • 

596  . 

•     •  A 

Earth, 

■          365      •  • 

3C6 

225   ,      .  ■ 

227  . 

•            88       •  • 

87  . 

•  it 

In  this  series  the  Earth  forms  a  break;  but  this  apparent  irregularity  admits 
of  an  easy  explanation.  The  fractions  \,  \,  f,  |,  ft,  jft,  |j,  etc.,  as  expressing  the 
position  of  successive  leaves  upon  an  axis,  by  the  short  way  of  ascent  along  the 
spiral,  are  identical,  as  far  as  their  meaning  is  concerned,  with  the  fractions  express- 
ing these  same  positions,  by  the  long  way,  namely,  \,  §,  |,  f,  ft,  \\,  J{,  etc. 

Let  us,  therefore,  repeat  our  diagram  in  another  form,  the  third  column  giving 
the  theoretical  time  of  revolution- 
Neptune,      .  |  62,000      .      .  60,129 

"  \    .  62,000    .      .  .   

Uranus,        .       .        J       .       .       81,000       .       .  30,687 
.      .       .     J    .  15.500    .       .  .   

1  Sec  the  works  quoted  above,  p.  18,  note  3. 
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SiUum,  §  10.333  .       .  10.759 

14         ...§...      0,889  .       .  .   

Jupiter,        .       .  i  4.133  .       .  4,333 

.  |  .                   2.480  .  .   

Asteroid*,      .  |  1,550  .       .  1,200 

.        .        .  jjj  .        •        •  ...  ■  

Mars  596  .       .  fi87 

Earth,      .       .       .  ft  •       •       •       3C6  .       .       .  3G5 

Venus  if  227  ...  225 

.  If  .                     140    .  .  

Mercury,  JJ  87  ...  88 


It  appears  from  this  table,  that  two  intervals  usually  elapse  between  two  suc- 
cessive planets,  so  that  the  normal  order  of  actual  fractions  is  J,  J,  g,  f,  T*„  etc., 
or  the  fractions  by  the  short  way  in  phyllotaxis,  from  which,  however,  the  Earth 
is  excluded,  while  it  forma  a  member  of  the  series  by  the  long  way.  The  explana- 
tion of  this,  suggested  by  Pcirce,  is  that  although  the  tendency  to  set  off  a  planet 
is  not  sufficient  at  the  end  of  a  single  interval,  it  becomes  so  strong  near  the 
end  of  the  second  interval,  that  the  planet  is  found  exterior  to  the  limit  of  this 
second  interval  Thus,  Uranus  is  rather  too  far  from  the  Sun  relatively  to  Neptune, 
Saturn  relatively  to  Uranus,  and  Jupiter  relatively  to  Saturn,  and  the  planets  thus 
formed  engross  too  large  a  proportionate  share  of  material,  and  this  is  especially 
the  case  with  Jupiter.  Hence,  when  we  come  to  the  Asteroids,  the  disposition  is 
so  strong  at  the  end  of  a  single  interval,  that  the  outer  Asteroid  is  but  just  within 
this  interval,  and  the  whole  material  of  the  Asteroids  is  dispersed  in  separate  masses 
over  a  wide  space,  instead  of  being  concentrated  into  a  single  planet  A  conse- 
quence of  this  dispersion  of  the  forming  agents  is,  that  a  small  proportionate 
material  is  absorbed  into  the  Asteroids.  Hence,  Mars  is  ready  for  formation  so 
far  exterior  to  its  true  place,  that  when  the  next  interval  elapses  the  residual  force 
becomes  strong  enough  to  form  the  Earth,  after  which  the  normal  law  is  resumed 
without  any  further  disturbance.  Under  this  law,  there  can  be  no  planet  exterior 
to  Neptune,  but  there  may  be  one  interior  to  Mercury. 

Let  us  now  look  back  upon  some  of  the  leading  features  alluded  to  before, 
omitting  the  simpler  relations  of  organized  beings  to  the  world  around,  or  those  of 
individuals  to  individuals,  to  consider  only  the  different  parallel  series  we  have  been 
comparing  when  showing  that,  in  their  respective  great  types,  the  phenomena  of 
animal  life  correspond  to  one  another,  whether  we  compare  their  rank  as  deter- 
mined by  structural  complication  with  the  phases  of  their  growth,  or  with  their 
succession  in  past  geological  ages;  whether  we  compare  this  succession  with  their 
embryonic  growth,  or  all  these  different  relations  with  each  other  and  with  the  geo- 
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graphical  distribution  of  animals  upon  earth.  The  some  scries  everywhere ! 1  These 
facts  are  true  of  all  the  great  divisions  of  the  animal  kingdom,  so  far  as  we  have 
pursued  the  investigation ;  and  though,  for  want  of  materials,  the  train  of  evidence 
is  incomplete  in  some  instances,  yet  we  have  proof  enough  for  the  establishment 
of  tiiis  law  of  a  universal  correspondence  in  all  the  leading  features  which  binds 
all  organized  beings,  of  all  times,  into  one  great  system,  intellectually  and  intelligibly 
linked  together,  even  where  some  links  of  the  chain  are  missing.  It  requires  con- 
siderable familiarity  with  the  subject  even  to  keep  in  mind  the  evidence,  for, 
though  yet  imperfectly  understood,  it  is  the  most  brilliant  result  of  the  combined 
intellectual  efforts  of  hundreds  of  investigators  during  half  a  century.  The  connec- 
tion, however,  between  the  facts,  it  is  easily  seen,  is  only  intellectual;  and  implies, 
therefore,  the  agency  of  Intellect  as  its  first  cause.1 

And  if  the  power  of  thinking  connectedly  is  the  privilege  of  cultivated  minds 
only;  if  the  power  of  combining  different  thoughts,  and  of  drawing  from  them  new 
thoughts,  is  a  still  rarer  privilege  of  a  few  superior  minds;  if  the  ability  to  trace 
simultaneously  several  trains  of  thought  is  such  an  extraordinary  gift,  that  the  few 
cases  in  which  evidence  of  this  kind  has  been  presented  have  become  a  matter 
of  historical  record  (Ca>sar  dictating  several  letters  at  the  same  time),  though  they 
exhibit  only  the  capacity  of  passing  rapidly,  in  quick  succession,  from  one  topic  to 
another,  while  keeping  the  connecting  thread  of  several  parallel  thoughts:  if  all 
this  is  only  possible  for  the  highest  intellectual  powers,  shall  we  by  any  false 
argumentation  allow  ourselves  to  deny  the  intervention  of  a  Supreme  Intellect  in 
calling  into  existence  combinations  in  nature,  by  the  side  of  which,  all  human 
conceptions  are  child's  playl 

If  I  have  succeeded,  even  very  imperfectly,  in  showing  that  the  various  rela- 
tions observed  between  animals  and  the  physical  world,  as  well  as  between  them- 
selves, exhibit  thought,  it  follows,  that  the  whole  has  an  Intelligent  Author,  and  it 
may  not  be  out  of  place  to  attempt  to  point  out,  as  far  as  possible,  the  difference 
there  may  be  between  Divine  thinking  and  human  thought. 

Taking  nature  as  exhibiting  thought  for  my  guide,  it  appears  to  me,  that  while 
human  thought  is  consecutive,  Divine  thought  is  simultaneous,  embracing  at  the  same 
time  and  for  ever,  in  the  post,  the  present,  and  the  future,  the  most  diversified 
relations  among  hundreds  of  thousands  of  organized  beings,  each  of  which  may 
present  complications  again,  which,  to  study  and  understand  even  imperfectly,  as 
for  instance,  Man  himself,  Mankind  has  already  spent  thousands  of  years.  And 
yet,  all  this  has  been  done  by  one  Mind,  must  be  the  work  of  one  Mind  only,  of 

1  Compare  all  (he  preceding  section*,  where  every  *  Aijasmz,  (L»)  Contemplations  of  God  in  the 

topic  i»  considered  separately.  Kosmo*,  Christian  Examiner,  January,  1851,  Hm 
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Him  before  whom  Man  can  only  bow  in  grateful  acknowledgment  of  the  pre- 
rogatives he  is  allowed  to  enjoy  in  this  world,  not  to  speak  of  the  promises  of  a 
future  life. 

I  have  intentionally  dismissed  many  points  in  my  argument  with  mere  questions, 
in  order  not  to  extend  unduly  a  discussion  which  is  after  all  only  accessory  to 
the  plan  of  my  work.  I  have  felt  justified  in  doing  so  because,  from  the  point 
of  view  under  which  my  subject  is  treated,  those  questions  find  a  natural  solution 
which  must  present  itself  to  every  reader.  We  know  what  the  intellect  of  Man 
may  originate,  we  know  its  creative  power,  its  power  of  combination,  of  foresight, 
of  analysis,  of  concentration;  we  are,  therefore,  prepared  to  recognize  a  similar 
action  emanating  from  a  Supreme  Intelligence  to  a  boundless  extent  We  need, 
therefore,  not  even  attempt  to  show  that  such  an  Intellect  may  have  originated  all 
the  Universe  contains;  it  is  enough  to  demonstrate,  that  the  constitution  of  the 
physical  world,  and  more  particularly  the  organization  of  living  beings  in  their  connec- 
tion with  the  physical  world  prove,  in  general,  the  existence  of  a  Supreme  Being, 
as  the  Author  of  all  things.  The  task  of  science  is  rather  to  investigate  what  has 
been  done,  to  inquire,  if  possible,  how  it  has  been  done,  than  to  ask  what  Is  possible 
for  the  Deity,  as  we  can  know  that  only  by  what  actually  exists.  To  attack  such 
a  position,  those  who  would  deny  the  intervention  in  nature  of  a  creative  mind, 
must  show,  that  the  cause  to  which  they  refer  the  origin  of  finite  beings  is  by 
its  nature  a  possible  cause,  which  cannot  be  denied  of  a  being  endowed  with  the 
attributes  we  recognize  in  God.  Our  task  is  therefore  completed,  as  soon  as  we 
have  proved  his  existence.  It  would,  nevertheless,  be  highly  desirable  that  every 
naturalist,  who  has  arrived  at  similar  conclusions,  should  go  over  the  subject  anew, 
from  his  point  of  view  and  with  particular  reference  to  the  special  field  of  his 
investigations;  for  so  only  can  the  whole  evidence  be  brought  out 

I  foresee  already  that  some  of  the  most  striking  illustrations  may  be  drawn 
from  the  morphology  of  the  vegetable  kingdom,  especially  from  the  characteristic 
succession  and  systematical  combination  of  different  kinds  of  leaves  in  the  forma- 
tion of  the  foliage  and  the  flowers  of  so  many  plants,  all  of  which  end  their 
development  by  the  production  of  an  endless  variety  of  fruits.  The  inorganic  world, 
considered  in  the  same  light,  would  not  fail  to  exhibit  also  unexpected  evidence 
of  thought,  in  the  character  of  the  laws  regulating  the  chemical  combinations,  the 
action  of  physical  forces,  the  universal  attraction,  etc,  etc.  Even  the  history  of 
human  culture  ought  to  be  investigated  from  this  point  of  view.  But  I  must 
leave  it  to  abler  hands  to  discuss  such  topics. 
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SECTION  XXXII. 

RECAPITULATION. 

In  recapitulating  the  preceding  statement*,  we  may  present  the  following  con- 
clusions :  — 

1st1  The  connection  of  all  these  known  features  of  nature  into  one  system  ex- 
hibits thought,  the  most  comprehensive  thought,  in  limits  transcending  the  highest 
wonted  powers  of  man. 

2d.  The  simultaneous  existence  of  the  most  diversiCed  types  under  identical 
circumstances  exhibits  thought,  the  ability  to  adapt  a  great  variety  of  structures  to 
the  most  uniform  conditions. 

3d.  The  repetition  of  similar  types,  under  the  most  diversified  circumstances, 
shows  an  immaterial  connection  between  them;  it  exhibits  thought,  proving  directly 
how  completely  the  Creative  Mind  is  independent  of  the  influence  of  a  material 
world. 

4  th.  The  unity  of  plan  in  otherwise  highly  diversified  types  of  animals,  exhibits 
thought;  it  exhibits  more  immediately  premeditation,  for  no  plan  could  embrace  such 
a  diversity  of  beings,  called  into  existence  at  such  long  intervals  of  time,  unless  it 
had  been  framed  in  the  beginning  with  immediate  reference  to  the  end. 

5th.  The  correspondence,  now  generally  known  as  special  homologies,  in  the  details 
of  structure  in  animals  otherwise  entirely  disconnected,  down  to  the  most  minute 
peculiarities,  exhibits  thought,  and  more  immediately  the  power  of  expressing  a 
general  proposition  in  an  indefinite  number  of  ways,  equally  complete  in  themselves, 
though  differing  in  all  their  details. 

6th.  The  various  degrees  and  different  kinds  of  relationship  among  animals  which 
can  have  no  genealogical  connection,  exhibit  thought,  the  power  of  combining  dif- 
ferent categories  into  a  permanent,  harmonious  whole,  even  though  the  material 
basis  of  this  harmony  be  ever  changing. 

7th.  The  simultaneous  existence,  in  the  earliest  geological  periods  in  which  ani- 
mals existed  at  all,  of  representatives  of  all  the  great  types  of  the  animal  kingdom, 
exhibits  most  especially  thought,  considerate  thought,  combining  power,  premeditation, 
prescience,  omniscience. 

8th.  The  gradation  based  upon  complications  of  structure  M'hich  may  be  traced 

1  Tlie  numbers  inscribed  here  correspond  to  the  reader  may  al  once  refer  back  to  the  evidence,  when 
preceding  ncetiomt,  in  ibe  same  order,  so  that  the  needed. 
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among  animals  built  upon  the  same  plan,  exhibits  thought,  and  especially  the  power 
of  distributing  harmoniously  unequal  gifts. 

9th.  The  distribution  of  some  types  over  the  most  extensive  range  of  the  sur- 
face of  the  globe,  while  others  are  limited  to  particular  geographical  areas,  and  the 
various  combinations  of  these  types  into  zoological  provinces  of  unequal  extent, 
exhibit  thought,  a  close  control  in  the  distribution  of  the  earth's  surface  among 
its  inhabitants. 

10th.  The  identity  of  structure  of  these  types,  notwithstanding  their  wide  geo- 
graphical distribution,  exhibits  thought,  that  deep  thought  which,  the  more  it  is 
scrutinized,  seems  the  less  capable  of  being  exhausted,  though  its  meaning  at  the 
surface  appears  at  once  plain  and  intelligible  to  every  one. 

11th.  The  community  of  structure  in  certain  respects  of  animals  otherwise  en- 
tirely different,  but  living  within  the  same  geographical  area,  exhibits  thought,  and 
more  particularly  the  power  of  adapting  most  diversified  types  with  peculiar  struc- 
tures to  either  identical  or  to  different  conditions  of  existence. 

t 

12th.  The  connection,  by  series,  of  special  structures  observed  in  animals  widely 
scattered  over  the  surface  of  the  globe,  exhibits  thought,  unlimited  comprehension, 
and  more  directly  omnipresence  of  mind,  and  also  prescience,  as  far  as  such  series 
extend  through  a  succession  of  geological  ages. 

13th.  The  relation  there  is  between  the  size  of  animals  and  their  structure  and 
form,  exhibits  thought;  it  shows  that  in  nature  the  quantitative  differences  are  as 
fixedly  determined  as  the  qualitative  ones. 

14  th.  The  independence,  in  the  size  of  animals  of  the  mediums  in  which  they 
live,  exhibits  thought,  in  establishing  such  close  connection  between  elements  so  influ- 
ential in  themselves  and  organized  beings  so  little  affected  by  the  nature  of  these 
elements. 

15th.  The  permanence  of  specific  peculiarities  under  every  variety  of  external 
influences,  during  each  geological  period,  and  under  the  present  state  of  things  upon 
earth,  exhibits  thought:  it  shows,  also,  that  limitation  in  time  is  an  essential  element 
of  all  finite  beings,  while  eternity  is  an  attribute  of  the  Deity  only. 

10th.  The  definite  relations  in  which  animals  stand  to  the  surrounding  world, 
exhibit  thought;  for  all  animals  living  together  stand  respectively,  on  account  of 
their  very  differences,  in  different  relations  to  identical  conditions  of  existence,  in  a 
manner  which  implies  a  considerate  adaptation  of  their  varied  organization  to  these 
uniform  conditions. 

17th.  The  relations  in  which  individuals  of  the  same  species  stand  to  one  an- 
other, exhibit  thought,  and  go  far  to  prove  the  existence  in  all  living  beings  of  an 
immaterial,  imperishable  principle,  similar  to  that  which  is  generally  conceded  to  man 
only. 
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18th.  The  limitation  of  tlte  range  of  changes  which  animals  undergo  during  their 
growth,  exhibits  thought;  it  shows  most  strikingly  the  independence  of  these  changes 
of  external  influences,  and  the  necessity  that  they  should  be  determined  by  a 
power  superior  to  these  influences. 

19th.  The  unequal  limitation  in  the  average  duration  of  the  life  of  individuals 
in  different  species  of  animals,  exhibits  thought;  for,  however  uniform  or  however 
diversified  the  conditions  of  existence  may  be  under  which  animals  live  together, 
the  average  duration  of  life,  in  different  species,  is  unequally  limited.  It  points,  there- 
fore, at  a  knowledge  of  time  and  space,  and  of  the  value  of  time,  since  the  phases 
of  life  of  different  animals  are  apportioned  according  to  the  part  they  have  to  per- 
form upon  the  stage  of  the  world. 

20th.  The  return  to  a  definite  norm  of  animals  which  multiply  in  various  ways, 
exhibits  thought  It  shows  how  wide  a  cycle  of  modulations  may  be  included  in 
the  same  conception,  without  yet  departing  from  a  norm  expressed  more  directly  in 
other  combinations. 

21st  The  order  of  succession  of  the  different  types  of  animals  and  plants  charac- 
teristic of  the  different  geological  epochs,  exhibits  thought  It  shows,  that  while 
the  material  world  is  identical  in  itself  in  all  ages,  ever  different  types  of  organized 
beings  are  called  into  existence  in  successive  periods. 

22d.  The  localization  of  some  types  of  animals  upon  the  same  points  of  the  sur- 
face of  the  globe,  during  several  successive  geological  periods,  exhibits  thought, 
consecutive  thought;  the  operations  of  a  mind  acting  in  conformity  with  a  plan 
laid  out  beforehand  and  sustained  for  a  long  period. 

23d.  The  limitation  of  closely  allied  species  to  different  geological  periods,  exhibits 
thought;  it  exhibits  the  power  of  sustaining  nice  distinctions,  notwithstanding  the 
interposition  of  great  disturbances  by  physical  revolutions. 

24th.  The  parallelism  between  the  order  of  succession  of  animals  and  plants 
in  geological  times,  and  the  gradation  among  their  living  representatives,  exhibit 
thought ;  consecutive  thought,  superintending  the  whole  development  of  nature  from 
beginning  to  end,  and  disclosing  throughout  a  gradual  progress,  ending  with  the 
introduction  of  man  at  the  head  of  the  animal  creation. 

25th.  The  parallelism  between  the  order  of  succession  of  animals  in  geological 
times  and  the  changes  their  living  representatives  undergo  during  their  embryological 
growth,  exhibits  thought;  the  repetition  of  the  same  train  of  thoughts  in  the  phases 
of  growth  of  living  animals  and  the  successive  appearance  of  their  representatives 
in  post  ages. 

26th.  The  combination,  in  many  extinct  types,  of  characters  which,  in  later  ages, 
appear  disconnected  in  different  types,  exhibits  thought,  prophetic  thought,  foresight; 
combinations  of  thought  preceding  their  manifestation  in  living  forms. 
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27th.  The  parallelism  between  the  gradation  among  animals  and  the  changes 
they  undergo  during  their  growth,  exhibits  thought,  as  it  discloses  everywhere  the 
most  intimate  connection  between  essential  features  of  animals  which  have  no 
necessary  physical  relation,  and  can,  therefore,  not  be  understood  otherwise  than 
as  established  by  a  thinking  being. 

28th  The  relations  existing  between  these  different  series  and  the  geographical 
distribution  of  animals,  exhibit  thought;  they  show  the  omnipresence  of  the  Creator. 

29th.  The  mutual  dependence  of  tbe  animal  and  vegetable  kingdoms  for  their 
maintenance,  exhibits  thought;  it  displays  the  care  with  which  all  conditions  of 
existence,  necessary  to  the  maintenance  of  organized  beings,  have  been  balanced. 

30th.  The  dependence  of  some  animals  upon  others  or  upon  plants  for  their 
existence,  exhibits  thought;  it  shows  to  what  degree  the  most  complicated  com- 
binations of  structure  and  adaptation  can  be  rendered  independent  of  the  physical 
conditions  which  surround  them. 

We  may  Bum  up  the  results  of  this  discussion,  up  to  this  point,  in  still  fewer 
words: — 

All  organized  beings  exhibit  in  themselves  all  those  categories  of  structure  and 
of  existence  upon  which  a  natural  system  may  be  founded,  in  such  a  manner 
that,  in  tracing  it,  tlie  human  mind  is  only  translating  into  human  language  the 
Divine  thoughts  expressed  in  nature  in  living  realities. 

All  these  beings  do  not  exist  in  consequence  of  the  continued  agency  of  physical 
causes,  but  have  made  their  successive  appearance  upon  earth  by  the  immediate 
intervention  of  the  Creator.  As  proof,  I  may  sum  up  my  argument  in  the  fol- 
lowing manner: 

The  products  of  what  are  commonly  called  physical  agents  are  everywhere  the 
same,  (that  is,  upon  the  whole  surface  of  the  globe,)  and  have  always  been  the 
same  (that  is,  during  all  geological  periods) ;  while  organized  beings  are  everywhere 
different  and  have  differed  in  all  ages.  Between  two  such  series  of  phenomena 
there  can  be  no  causal  or  genetic  connection. 

31st  The  combination  in  time  and  space  of  all  these  thoughtful  conceptions 
exhibits  not  only  thought,  it  shows  also  premeditation,  power,  wisdom,  great- 
ness, prescience,  omniscience,  providence.  In  one  word,  all  these  facts  in  their 
natural  connection  proclaim  aloud  the  One  God,  whom  man  may  know,  adore, 
and  love;  and  Natural  History  must,  in  good  time,  become  the  analysis  of  the 
thoughts  of  the  Creator  of  the  Universe,  as  manifested  in  the  animal  and  vegetable 
kingdoms. 

It  may  appear  strange  that  I  should  have  included  the  preceding  disquisition 
in  that  part  of  my  work  which  is  headed  Classification.     Yet  H  has  been  done 
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deliberately.  In  the  beginning  of  this  chapter,  I  have  already  stated  that  Classi- 
fication seems  to  me  to  rest  upon  too  narrow  a  foundation  when  it  is  chiefly  based 
upon  structure.  Animals  are  linked  together  as  closely  by  their  mode  of  develop- 
ment, by  their  relative  standing  in  their  respective  classes,  by  the  order  in  which 
they  have  made  their  appearance  upon  earth,  by  their  geographical  distribution,  and 
generally  by  their  connection  with  the  world  in  which  they  live,  as  by  their 
anatomy.  All  these  relations  should,  therefore,  be  fully  expressed  in  a  natural 
classification ;  and  though  structure  furnishes  the  most  direct  indication  of  some  of 
these  relations,  always  appreciable  under  every  circumstance,  other  considerations 
should  not  be  neglected,  which  may  complete  our  insight  into  the  general  plan 
of  creation. 

In  characterizing  the  great  branches  of  the  animal  kingdom,  it  is  not  enough 
to  indicate  the  plan  of  their  structure,  in  all  its  peculiarities;  there  are  possibilities 
of  execution  which  are  at  once  suggested  to  the  exclusion  of  others,  and  which 
should  also  be  considered,  and  so  fully  analyzed,  that  the  various  modes  in  which 
such  a  plan  may  be  carried  out  shall  at  once  be  made  apparent  The  range  and 
character  of  the  general  homologies  of  each  type  Bhould  also  be  illustrated,  as 
well  as  the  general  conditions  of  existence  of  its  representatives.  In  characterizing 
classes,  it  ought  to  be  shown  why  such  groups  constitute  a  class  and  not  merely 
an  order,  or  a  family;  and  to  do  this  satisfactorily,  it  is  indispensable  to  trace  the 
special  homologies  of  all  the  systems  of  organs  which  are  developed  in  them.  It 
is  not  less  important  to  ascertain  the  foundation  of  all  the  subordinate  divisions 
of  each  class;  to  know  how  they  differ,  what  constitutes  orders,  what  families,  what 
genera,  and  upon  what  characteristics  species  are  based  in  every  natural  division. 
This  we  shall  examine  in  the  next  chapter. 
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SECTION  r. 

GREAT  TYPES  OR  BRANCHES  OF  THE  ANIMAL  KINGDOM. 

The  use  of  the  terms  types,  classes,  orders,  families,  genera,  and  species,  in  the 
systems  of  Zoology  and  Botany,  is  so  universal,  that  it  would  be  natural  to  suppose 
that  their  meaning  and  extent  are  well  determined  and  generally  understood ;  but 
this  in  so  far  from  being  the  case  that  it  may  on  the  contrary  be  said,  that  there  is 
no  subject  in  Natural  History  respecting  which  there  exists  more  uncertainty  or 
a  greater  want  of  precision.  Indeed,  1  have  failed  to  find  anywhere  a  definition 
of  the  character  of  most  of  the  more  comprehensive  of  these  divisions,  while  the 
current  views  respecting  genera  and  species  arc  very  conflicting.  Under  these  cir- 
cumstances, it  has  appeared  to  me  particularly  desirable  to  inquire  into  the  founda- 
tion of  these  distinctions,  and  to  ascertain,  if  possible,  how  far  they  have  a  real 
existence.  And,  while  I  hope  the  results  of  this  inquiry  may  be  welcome  and 
satisfactory,  I  am  free  to  confess  that  it  has  cost  me  years  of  labor  to  arrive  at 
a  clear  conception  of  their  true  character. 

It  is  such  a  universal  fact  in  every  sphere  of  intellectual  activity,  that  prac- 
tice anticipates  theory,  that  no  philosopher  should  be  surprised  to  find  that  zoologists 
have  adopted  instinctively  natural  groups,  in  the  animal  and  vegetable  kingdoms, 
even  before  the  question  of  the  character  and  of  the  very  existence  of  such 
groups  in  nature  was  raised.  Did  not  nations  speak,  understand,  and  write  Greek, 
Latin,  German,  and  Sanscrit,  before  it  was  even  suspected  that  these  languages, 
and  so  many  others,  were  kindred  ?  Did  not  painters  produce  wonders  with 
colors  before  the  nature  of  light  was  understood  ?  Had  not  men  been  thinking 
about  themselves  and  the  world  before  logic  and  metaphysics  were  taught  in  schools  ? 
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Why,  then,  should  not  observers  of  nature  have  appreciated  rightly  the  relationship 
between  animals  or  plants  before  getting  a  scientific  clue  to  tbe  classifications  they 
were  led  to  adopt  as  practical? 

Such  considerations,  above  all  others,  have  guided  and  encouraged  me  while  I 
was  seeking  for  the  meaning  of  all  these  systems,  so  different  one  from  the  other  in 
their  details,  and  yet  so  similar  in  some  of  their  general  features.  The  history 
of  our  science  shows  how  early  some  of  the  principles,  which  obtain  to  this  day, 
have  been  acknowledged  by  all  reflecting  naturalists,  Aristotle,  for  instance,  already 
knew  the  principal  differences  which  distinguish  Vertebrata  from  all  other  animals, 
and  his  distinction  of  Enaima  and  Aiutmut1  corresponds  exactly  to  that  of  Vcrfcbraia 
and  Jm-erkbruta  of  Lamarck,2  or  to  that  of  Flesh-  and  Gut-Animal*  of  Oken,8  or  to  that 
of  M//e/oncura  and  Gauglioneum  of  Ehrenberg;4  and  one  who  is  at  all  familiar 
with  the  progress  of  science  at  different  periods  can  but  smile  at  the  claims  to 
novelty  or  originality  so  frequently  brought  forward  for  views  long  before  current 
among  men.  Here,  for  instance,  is  one  and  the  same  fact  presented  in  diflerent 
aspects;  first,  by  Aristotle  with  reference  to  the  character  of  the  formative  fluid, 
next  by  Lamarck  with  reference  to  the  general  frame,  —  for  I  will  do  Lamarck 
the  justice  to  believe,  that  he  did  not  unite  the  Invertebrata  simply  because  they 
have  no  skeleton,  but  because  of  that  something,  which  even  Professor  Owen  fails 
to  express/'  and  which  yet  exists,  the  one  cavity  of  the  body  in  Invertebrata  con- 
taining all  organs,  whilst  Vertebrata  have  one  distinct  cavity  for  the  centres  of  the 
nervous  system,  and  another  for  the  organs  of  the  vegetative  life.  This  acknowledg- 
ment is  due  to  Lamarck  as  truly  as  it  would  be  due  to  Aristotle  not  to  accuse 
him  of  having  denied  the  Invertebrata  any  fluid  answering  the  office  of  the  blood, 
though  he  calls  them  Anaima ;  for  he  knew  nearly  as  well  as  we  now  know, 
that  there  moves  a  nutritive  fluid  in  their  body,  though  that  information  is 
generally  denied  him  because  he  had  no  correct  knowledge  of  the  circulation  of 
the  blood. 

Again,  when  Oken  speaks  of  Flesh-Animals  he  does  not  mean  that  Vertebrates 
consist  of  nothing  but  flesh,  or  that  the  Invertebrates  have  no  muscular  fibres; 
but  he  brings  prominently  before  us  the  presence,  in  the  former,  of  those  masses, 
forming  mainly  the  bulk  of  the  body,  which  Consist  of  flesh  and  bones  as  well 
as  blood  and  nerves,  and  constitute  another  of  the  leading  features  distinguishing 
Vertebrata  and  Invertebrata.  Ehrenberg  presents  the  same  relations  between  the 
same  beings  as  expressed  by  their  nervous  system.    If  we  now  take  the  expressions 


1  Histor.  Anim.,  Lib.  I.,  Cb.  5  and  C.  4  Das  Naturreirh  ties  Mensohen ;  a  diagram,  upon 

«  Anim.  Vert.,  2d  edit.,  vol.  1,  p.  313.  a  lai^e  sheet,  folio. 

•  Naturphikwophie,  3d  edit.,  p.  400.  4  Comparat.  Anat.  of  for.,  2d  edit.,  p.  11. 
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of  Aristotle,  Lamarck,  Oken,  and  Ehrenberg  together,  have  we  not,  as  characteristic 
of  their  systems,  the  very  words  by  which  every  one  distinguishes  the  most  promi- 
nent features  of  the  body  of  the  higher  animals,  when  speaking  of  blood  relations, 
of  blood  and  bones,  or  of  having  flesh  and  nerve? 

Neither  of  these  observers  has  probably  been  conscious  of  the  identity  of  his 
classification  with  that  of  his  predecessors;  nor,  indeed,  should  we  consider  either 
of  them  as  superfluous,  inasmuch  as  it  makes  prominent,  features  more  or  less  differ- 
ent from  those  insisted  upon  by  the  others;  nor  ought  any  one  to  suppose  that 
with  all  of  them  the  field  is  exhausted,  and  that  there  is  no  more  room  for  new 
systems  upon  that  very  first  distinction  among  animals.1  As  long  as  men  inquire 
they  will  have  opportunities  to  know  more  upon  these  topics  tlian  those  who  have 
gone  before  them,  so  inexhaustibly  rich  is  nature  in  the  innermost  diversity  of  her 
treasures  of  beauty,  order,  and  intelligence. 

So,  instead  of  discarding  all  the  systems  which  have  thus  far  had  little  or  no 
influence  upon  the  progress  of  science,  either  because  they  are  based  upon  prin- 
ciples not  generally  acknowledged  or  considered  worthy  of  confidence,  I  have  care- 
fully studied  them  with  the  view  of  ascertaining  whatever  there  may  be  true  in 
them,  from  the  stand-point  from  which  their  authors  have  considered  the  animal 
kingdom ;  and  I  own  that  I  have  often  derived  more  information  from  such  a  careful 
consideration  than  I  had  at  first  expected. 

It  was  not  indeed  by  a  lucky  hit,  nor  by  one  of  those  unexpected  apparitions 
which,  like  a  revelation,  suddenly  break  upon  us  and  render  at  once  clear  and 
comprehensible  what  had  been  dark  and  almost  inaccessible  before,  that  I  came  to 
understand  the  meaning  of  those  divisions  called  types,  classes,  orders,  families,  gen- 
era, and  species,  so  long  admitted  in  Natural  History  as  the  basis  of  every  system, 
and  yet  so  generally  considered  as  mere  artificial  devices  to  facilitate  our  studies. 
For  years  I  had  been  laboring  under  the  impression  that  they  are  founded  in 
nature,  before  I  succeeded  in  finding  out  upon  what  principle  they  were  really  based. 
I  soon  perceived,  however,  that  the  greatest  obstacle  in  the  way  of  ascertaining 
their  true  significance  lay  in  the  discrepancies  among  different  authors  in  their  use 
and  application  of  these  terms.  Different  naturalists  do  not  call  by  the  same  name 
groups  of  the  same  kind  and  the  same  extent:  some  call  genera  what  others  call 
subgenera;  others  call  tribes,  or  even  families,  what  are  called  genera  by  others; 


1  By  way  of  mi  example,  I  would  mention  the 
mode  of  reproduction.  Tlie  formation  of  the  egg  in 
Vertebrata ;  it*  origin,  in  all  of  them,  in  a  more  or 
lew  complicated  (Jraafian  vesicle,  in  which  it  is 
Mined ;  the  formation  and  development  of  the  embryo 
up  to  a  certain  period,  etc.,  etc^  are  so  completely 


different  from  what  U  observed  in  any  of  the  Iiwer- 
tebrata,  that  the  animal  kingdom,  classified  according 
to  these  facts,  would  again  be  divided  into  two  great 
groups,  corresponding  to  the  Verttbrata  ami  Inetrte- 
brain  of  Lamarck,  or  the  Fleth-  and  Gut-Animitli  of 
Oken,  or  the  Eneima  and  Aneima  of  Aristotle,  etc 
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even  the  names  of  tribe  and  family  have  been  applied  by  some  to  what  others 
cull  sub-ge»cra;  some  have  called  families  what  others  have  called  orders;  some 
consider  as  orders  what  others  have  considered  as  classes;  and  there  are  even  genera 
of  some  authors  which  are  considered  as  classes  by  others.  Finally,  in  the  number 
and  limitation  of  these  classes,  as  well  as  in  the  manner  in  which  they  are  grouped 
together,  under  general  heads,  there  is  found  the  same  diversity  of  opiuion.  It  is, 
nevertheless,  possible,  that  under  these  manifold  names,  so  differently  applied,  groups 
may  be  designated  which  may  be  natural,  even  if  their  true  relation  to  one  another 
have  thus  far  escaped  our  attention. 

It  is  already  certain  that  most,  if  not  all  investigators  agree  in  the  limitation, 
of  some  groups  at  least,  under  whatever  name  they  may  call  them,  and  however 
much  they  would  blame  one  another  for  calling  them  so,  or  otherwise.  I  can  there- 
fore no  longer  doubt  that  the  controversy  would  be  limited  to  definite  ques- 
tions, if  naturalists  could  only  be  led  to  an  agreement  respecting  the  real  nature 
of  each  kind  of  groups.  I  am  satisfied,  indeed,  that  the  most  insuperable  obstacle 
to  any  exact  appreciation  of  this  subject  lies  in  the  fact,  that  all  naturalists,  with- 
out exception,  consider  these  divisions,  under  whatever  name  they  may  designate 
them,  as  strictly  subordinate  one  to  the  other,  in  such  a  manner,  that  their  differ- 
ence is  only  dependent  upon  their  extent;  the  class  being  considered  as  the  more 
comprehensive  division,  the  order  as  the  next  extensive,  the  family  as  more  limited, 
the  genus  as  still  more  limited,  and  the  species  as  the  ultimate  limitation  in  a 
natural  arrangement  of  living  beings,  so  that  all  these  groups  would  differ  ouly  by 
the  quantity  of  their  characters,  and  not  by  the  quality,  as  if  the  elements  of 
structure  in  animals  were  all  of  the  same  kind;  as  if  the  form,  for  instance,  Mas 
an  organic  element  of  the  same  kind  as  the  complication  of  structure,  and  as  if 
the  degree  of  complication  implied  necessarily  one  plan  of  structure  to  the  exclu- 
sion of  another.  I  trust  1  shall  presently  be  able  to  show  that  it  is  to  a  neglect 
of  these  considerations  that  we  must  ascribe  the  slow  progress  which  has  been 
made  in  the  philosophy  of  classification. 

Were  it  possible  to  show  that  all  these  groups  do  not  differ  in  quantity,  and 
are  not  merely  divisions  of  a  wider  or  more  limited  range,  but  are  based  upon 
different  categories  of  characters,  genera  would  be  called  genera  by  all,  whether 
they  differ  much  or  little  one  from  the  other,  and  so  would  families  be  called  fam- 
ilies, orders  be  called  orders,  etc.  Could,  for  instance,  species  be  based  upon  absolute 
size,  genera  upon  the  structure  of  some  external  parts  of  the  body,  families  upon 
the  form  of  the  body,  orders  upon  the  similarity  of  the  internal  structure,  or  the 
like,  it  is  plain  that  there  coidd  not  be  two  opinions  respecting  these  groups  in 
any  class  of  the  animal  kingdom.  But  as  the  problem  is  not  so  simple  in  nature, 
it  was  not  until  after  the  most  extensive  investigations,  that  I  seized  the  clue  to 
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guide  me  through  this  labyrinth.  I  knew,  for  instance,  that  though  naturalists  have 
been  disputing,  and  are  still  disputing,  about  species  and  genera,  they  all  distin- 
guished the  things  themselves  in  pretty  much  the  same  manner.  What  A  would 
call  a  species,  B  called  only  a  variety  or  a  race;  but  then  B  might  call  a  sub- 
genus the  very  same  aggregate  of  individuals  which  A  called  a  species;  or  what 
A  called  a  genus  was  considered  by  B  as  a  family  or  an  order.  Now  it  was  this 
something  called  no  matter  how,  for  which  T  tried  to  find  out  characters  which  would 
lead  all  to  call  it  by  the  same  name;  thus  limiting  the  practical  difficulty  in  the 
application  of  the  name  to  a  question  of  accuracy  in  the  observations,  and  no  longer 
allowing  it  to  be  an  eternal  contest  about  mere  nomenclature. 

At  this  stage  of  my  investigation  it  struck  me,  that  the  character  of  the  writr 
ings  of  eminent  naturalists  might  throw  some  light  upon  the  subject  itself.  There 
are  authors,  and  among  them  some  of  the  most  celebrated  contributors  to  our 
knowledge  in  Natural  History,  who  never  busied  themselves  with  classification,  or 
paid  only  a  passing  notice  to  this  subject,  whilst  they  are,  by  universal  consent, 
considered  as  the  most  successful  biographers  of  species;  such  are  Buflbn,  Reau- 
mur, Rocsel,  Trembley,  Smcathman,  the  two  Hubers,  Bewick,  Wilson,  Audubon, 
Naumann,  etc.  Others  have  applied  themselves  almost  exclusively  to  the  study  of 
genera.  Latreille  is  the  most  prominent  zoologist  of  this  stamp;  whilst  Linnaeus 
and  Jassieu  stand  highest  among  botanists  for  their  characteristics  of  genera,  or  at 
least  for  their  early  successful  attempts  at  tracing  the  natural  limits  of  genera.  Bota- 
nists have  thus  far  been  more  successful  than  zoologists  in  characterizing  natural 
families,  though  Cuvier  and  Latreille  have  done  a  great  deal  in  that  same  direction 
in  Zoology,  whilst  Linmeus  was  the  first  to  introduce  orders  in  the  classification  of 
animals.  As  to  the  higher  groups,  such  as  classes  and  types,  and  even  the  orders, 
we  find  again  Cuvier  leading  the  procession,  in  which  have  followed  all  the  natu- 
ralists of  this  century. 

Now  let  us  inquire  what  these  men  have  done  in  particular  to  distinguish  them- 
selves especially,  either  as  biographers  of  species,  or  as  characterize!*  of  genera,  of 
families,  of  orders,  of  classes,  and  of  types.  And  should  it  appeair  that  in  each  case 
they  have  been  considering  their  subject  from  some  particular  point  of  view,  it  strikes 
me  that  what  has  been  acknowledged  unconsciously  as  constituting  the  particular  emi- 
nence or  distinction  of  these  men,  might  very  properly  be  proclaimed,  with  grate- 
ful consciousness  of  their  services,  as  the  characteristic  of  that  kind  of  groups  which 
each  of  them  has  most  successfully  illustrated ;  and  I  hope  every  unprejudiced  natu- 
ralist will  agree  with  me  in  this  respect 

As  to  the  highest  divisions  of  the  animal  kingdom,  first  introduced  by  Cuvier 
under  the  name  of  embranchemenfs,  (and  which  we  may  well  render  by  the  good  old 
English  wort!  branch,)  he  tells  us  himself  that  they  are  founded  upon  distinct  plans 
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of  structure,  cast,  as  it  were,  into  distinct  moulds  or  forms.1  Now  there  can  certainly 
be  no  reason  why  we  Bhould  not  all  agree  to  designate  as  types  or  branches 
all  such  great  divisions  of  the  animal  kingdom  as  are  constituted  upon  a  special 
plan*  if  we  should  find  practically  that  such  groups  may  be  traced  in  nature. 
Those  who  may  not  see  them  may  deny  their  existence;  those  who  recognize 
them  may  vary  in  their  estimation  of  their  natural  limits;  but  all  can,  for  the 
greatest  benefit  of  science,  agree  to  call  any  group  which  seems  to  them  to  be 
founded  upon  a  special  plan  of  structure,  a  type  or  branch  of  the  animal  kingdom; 
and  if  there  are  still  differences  of  opinion  among  naturalists  respecting  their  limits, 
let  the  discussion  upon  this  point  be  carried  on  with  the  understanding  that  types 
are  to  be  characterized  by  different  plans  of  structure,  and  not  by  special  anatomical 
peculiarities.  Let  us  avoid  confounding  the  idea  of  plan  with  that  of  complication 
of  structure,  even  though  Cuvier  himself  has  made  this  mistake  here  and  there  in 
his  classification. 

The  best  evidence  I  can  produce  that  the  idea  of  distinct  plans  of  structure 
is  the  true  pivot  upon  which  the  naturul  limitation  of  the  branches  of  the  animal 
kingdom  is  ultimately  to  turn,  lies  in  the  fact  that  every  great  improvement, 
acknowledged  by  all  as  such,  which  these  primary  divisions  have  undergone,  has 
consisted  in  the  removal  from  among  each,  of  such  groups  as  had  been  placed 
with  them  from  other  considerations  than  those  of  a  peculiar  plan,  or  in  conse- 
quence of  a  want  of  information  respecting  their  true  plan  of  structure.  Let  us 
examine  this  point  within  limits  no  longer  controvertible.  Neither  Infusoria  nor 
Intestinal  Worms  are  any  longer  arranged  by  competent  naturalists  among  Radiata. 
Why  they  have  been  removed,  may  be  considered  elsewhere;  but  it  was  certainly 
not  because  they  were  supposed  to  agree  in  the  plan  of  their  structure  with  the 


1  It  would  lead  me  too  far  were  I  to  consider 
here  the  characteristics  of  the  different  kingdom*  of 
Nature.  I  may,  however,  refer  to  the  work  of  I. 
Geoffkot  St.  Kn.ilM,  Histoire  naturellc  generate 
des  regnes  organiques,  Paris,  1856,  8vo.,  who  has  dis- 
cussed this  subject  recently,  though  I  must  object  to 
the  admission  of  a  distinct  kingdom  for  Man  alone. 

*  It  is  almost  superfluous  for  me  to  mention  here 
that  the  terms  plan,  ways  and  means,  or  manner  in 
which  a  plan  is  carried  out,  complication  of  structure, 
form,  details  of  structure,  ultimate  structure,  relations 
of  individuals,  frequently  used  in  the  following  page.*, 
are  taken  in  a  somewhat  different  sense  from  their 
usual  meaning,  as  is  always  necessary  when  new 
view*  are  introduced  in  a  science,  and  the  adoption  of 


old  expressions,  in  a  somewhat  modified  sense,  is  found 
preferable  to  framing  new  ones.  I  trust  the  value  of 
the  following  discussion  will  be  appreciated  by  its 
intrinsic  merit,  tested  with  a  willingness  to  understand 
what  has  been  my  aim,  and  not  altogether  by  the  rela- 
tive degree  of  precision  and  clearness  with  which  I 
may  have  expressed  myself,  as  it  is  almost  impossible, 
in  a  first  attempt  of  this  kind,  to  seixe  at  once  upon 
the  form  best  adapted  to  carry  conviction.  I  wish 
also  to  be  understood  as  expressing  my  views  more 
immediately  with  reference  to  the  animal  kingdom, 
as  I  do  not  feel  quite  competent  to  extend  the  inquiry 
and  the  discussion  to  the  vegetable  kingdom,  though 
I  have  occasionally  alluded  to  it,  as  far  as  my  in- 
formation would  permit. 
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true  Radiate,  that  Cuvier  placed  them  in  that  division,  hut  simply  because  he 
allowed  himself  to  depart  from  his  own  principle,  and  to  add  another  consideration, 
besides  the  plan  of  structure,  as  characteristic  of  Radiate, —  the  supposed  absence  of 
a  nervous  system,  and  the  great  simplicity  of  structure  of  these  animals;  —  as  if 
simplicity  of  execution  had  any  necessary  connection  with  the  plan  of  structure. 
Another  remarkable  instance  of  the  generally  approved  removal  of  a  class  from 
one  of  the  types  of  Cuvier  to  another,  was  the  transfer  of  the  Cirripeds  from 
among  the  Mollusks  to  the  branch  of  Articulata.  Imperfect  knowledge  of  the  plan 
of  structure  of  these  animals  was  here  the  cause  of  the  mistake,  which  was  cor- 
rected without  any  opposition,  as  soon  as  they  became  better  known. 

From  a  comparison  of  what  is  stated  here  respecting  the  different  plans  of 
structure,  characteristic  of  the  primary  divisions  of  the  animal  kingdom,  with  what 
I  have  to  say  below  about  classes  and  orders,  it  will  appear  more  fully,  that  it 
is  important  to  make  a  distinction  between  the  plan  of  a  structure  and  the  man- 
ner in  which  that  plan  is  carried  out,  or  the  degrees  of  its  complication  and  its 
relative  perfection  or  simplicity.  But  even  after  it  is  understood  that  the  plan  of 
structure  should  be  the  leading  characteristic  of  these  primary  groups,  it  does  not 
yet  follow,  without  further  examination,  that  the  four  great  branches  of  the  animal 
kingdom,  first  distinguished  by  Cuvier,  are  to  be  considered  as  the  primary  divisions 
which  Nature  points  out  as  fundamental.  It  will  still  be  necessary,  by  a  careful 
and  thorough  investigation  of  the  subject,  to  ascertain  what  these  primary  groups 
are;  but  we  shall  have  gained  one  point  with  reference  to  our  systems,  —  that  what- 
ever these  primary  groups,  founded  upon  different  plans,  which  exist  in  nature,  may 
be,  when  they  are  once  defined,  or  whilst  they  are  admitted  as  the  temporary  ex- 
pression of  our  present  knowledge,  they  should  be  called  the  branches  of  the  animal 
kingdom,  whether  they  be  the  Vertebrate,  Articulata,  Mollusca,  and  Radiata  of  Cuvier. 
or  the  Artiozoaria,  Actinozoaria,  and  Amorphozoaria  of  Blainville,  or  the  Vertebrate 
and  Invertebrate  of  Lamarck.  The  special  inquiry  into  this  point  must  be  left  for 
a  special  paper.  I  will  only  add  that  I  am  daily  more  satisfied,  that,  in  their 
general  outlines,  the  primary  divisions  of  Cuvier  are  true  to  nature,  and  that  never 
did  a  naturalist  exhibit  a  clearer  and  deeper  insight  into  the  most  general  relations 
of  animals  than  Cuvier,  when  he  perceived,  not  only  that  these  primary  groups  are 
founded  upon  differences  in  the  plan  of  their  structure,  but  also  how  they  are 
essentially  related  to  one  another. 

Though  the  term  type  is  generally  employed  to  designate  the  great  fundamental 
divisions  of  the  animal  kingdom,  I  shall  not  use  it  in  future,  but  prefer  for  it  the 
term  branch  of  the  animal  kingdom,  because  the  term  type  is  employed  in  too 
many  different  acceptations,  and  quite  as  commonly  to  designate  any  group  of  any 
kind,  or  any  peculiar  modification  of  structure  stamped  with  a  distinct  and  marked 
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character,  as  to  designate  the  primary  divisions  of  the  animal  kingdom.  We 
speak,  for  instance,  of  specific  types,  generic  types,  family  types,  ordinal  types, 
classic  types,  and  also  of  a  typical  structure.  The  use  of  the  word  type  in  this 
sense  is  so  frequent  on  almost  every  page  of  our  systematic  works,  in  Zoology 
and  in  treatises  of  Comparative  Anatomy,  that  it  seems  to  me  desirable,  in  order 
to  avoid  every  possible  equivocation  in  the  designation  of  the  most  important  great 
primary  divisions  among  animals,  to  call  them  branches  of  the  animal  kingdom, 
rather  than  types. 

That,  however,  our  systems  are  more  true  to  nature  than  they  are  often  sup- 
posed to  be,  seems  to  me  to  be  proved  by  the  gradual  approximation  of  scientific 
men  to  each  other,  in  their  results,  and  in  the  forms  by  which  they  express  those 
results.  The  idea  which  lies  at  the  foundation  of  the  great  primary  divisions 
of  the  animal  kingdom  is  the  most  general  conception  possible  in  connection  with 
the  plan  of  a  definite  creation ;  these  divisions  arc,  therefore,  the  most  comprehensive 
of  all,  and  properly  take  the  lead  in  a  natural  classification,  as  representing  the 
first  and  broadest  relations  of  the  different  natural  groups  of  the  animal  kingdom, 
the  general  formula  which  they  each  obey.  What  we  call  branches  expresses,  in 
fact,  a  purely  ideal  connection  between  animals,  the  intellectual  conception  which 
unites  them  in  the  creative  thought.  It  seems  to  me  that  the  more  we  examine 
the  true  significance  of  this  kind  of  groups,  the  more  we  shall  be  convinced  that 
they  are  not  founded  upon  material  relations.  The  lesser  divisions  which  succeed 
next  are  founded  upon  special  qualifications  of  the  plan,  and  differ  one  from  the 
other  by  the  character  of  these  qualifications.  Should  it  be  found  that  the  features 
in  the  animal  kingdom  which,  next  to  the  plan  of  structure,  extend  over  the  largest 
divisions,  are  those  which  determine  their  rank  or  respective  standing,  it  would 
appear  natural  to  consider  the  orders  as  the  second  most  important  category  in  the 
organization  of  animals.  Experience,  however,  shows  that  this  is  not  the  case; 
that  the  manner  in  which  the  plan  of  structure  is  executed  leads  to  the  distinction 
of  more  extensive  divisions  (the  classes)  than  those  which  are  based  upon  the  com- 
plication of  structure  (the  orders).  As  a  classification  can  be  natural  only  as  far  as 
it  expresses  real  relations  observed  in  nature,  it  follows,  therefore,  that  classes  take 
the  second  position  in  a  system,  immediately  under  the  branches.  We  shall  see 
below  that  orders  follow  next,  as  they  constitute  naturally  groups  that  are  more 
comprehensive  than  families,  and  that  we  are  not  at  liberty  to  invert  their  respec- 
tive position,  nor  to  transfer  the  name  of  one  of  these  divisions  to  the  other,  at 
our  own  pleasure,  as  so  many  naturalists  are  constantly  doing. 
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CLASSES  OP  ANIMALS. 

Before  Cuvier  hod  shown  that  the  whole  animal  kingdom  is  constructed  upon 
four  different  plans  of  structure,  classes  were  the  highest  groups  acknowledged  in 
the  systems  of  Zoology,  and  naturalists  very  early  understood  upon  what  this  kind 
of  division  should  be  founded,  in  order  to  be  natural,  even  though  in  practice 
they  did  not  always  perceive  the  true  value  of  the  characters  upon  which  they 
established  their  standard  of  relationship.  Linnaeus,  the  first  expounder  of  the 
system  of  animals,  already  distinguishes,  by  anatomical  characters,  the  classes  he 
has  adopted,  though  very  imperfectly;  and  ever  since,  systematic  writers  have  aimed 
at  drawing  a  more  and  more  complete  picture  of  the  classes  of  animals,  based 
upon  a  more  or  less  extensive  investigation  of  their  structure. 

Structure,  then,  is  the  watchword  for  the  recognition  of  classes,  and  an  accurate 
knowledge  of  their  anatomy  the  surest  way  to  discover  their  natural  limits.  And 
yet,  with  this  standard  before  them,  naturalists  have  differed,  and  differ  still  greatly, 
in  the  limits  they  assign  to  classes,  and  in  the  number  of  them  they  adopt  It 
is  really  strange,  that,  applying  apparently  the  same  standard  to  the  same  objects, 
the  results  of  their  estimation  should  so  greatly  vary;  and  it  was  this  fact  which 
led  me  to  look  more  closely  into  the  matter,  and  to  inquire  whether,  after  all. 
the  seeming  unity  of  standard  was  not  more  a  fancied  than  a  real  one.  Structure 
mny  be  considered  from  many  points  of  view:  first,  with  reference  to  the  plan 
adopted  in  framing  it ;  secondly,  with  reference  to  the  work  to  be  done  by  it,  and 
to  the  ways  and  means  employed  in  building  it  up;  thirdly,  with  reference  to  the 
degrees  of  perfection  or  complication  it  exhibits,  which  may  differ  greatly,  even 
though  the  plan  be  the  same,  and  the  ways  and  means  employed  in  carrying  out 
such  a  plan  should  not  differ  in  the  least;  fourthly,  with  reference  to  the  form 
of  the  whole  structure  and  its  parts,  which  bears  no  necessary  relation,  at  all  events 
no  very  close  relation,  to  the  degree  of  perfection  of  the  structure,  nor  to  the 
manner  in  which  its  plan  is  executed,  nor  to  the  plan  itself,  as  a  comparison 
between  Bats  and  Birds,  between  Whales  and  Fishes,  or  between  Holothurians  and 
Worms,  may  easily  show;  fifthly  and  lastly,  with  reference  to  its  last  finish,  to 
the  execution  of  the  details  in  the  individual  parts. 

It  would  not  be  difficult  to  show,  that  the  differences  which  exist  among 
naturalists  in  their  limitation  of  classes  have  arisen  from  an  indiscriminate  con- 
sideration of  the  structure  of  animals,  in  all  these  different  points  of  view,  and  an 
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equally  indiscriminate  application  of  the  results  obtained,  to  characterizing  classes. 
Those  who  have  not  made  a  proper  distinction  between  the  plan  of  a  structure 
and  the  manner  in  which  that  plan  is  actually  executed,  have  either  overlooked 
the  importance  of  the  great  fundamental  divisions  of  the  animal  kingdom,  or  they 
have  unduly  multiplied  the  number  of  these  primary  divisions,  basing  their  dis- 
tinctions upon  purely  anatomical  considerations,  that  is  to  say,  not  upon  differences 
in  the  character  of  the  general  plan  of  structure,  but  upon  the  material  develop- 
ment of  that  plan.  Those,  again,  who  have  confounded  the  complication  of  the 
structure  with  the  ways  and  means  by  which  life  is  maintained  through  any  given 
combination  of  systems  of  organs,  have  failed  in  establishing  a  proper  difference 
between  class  and  ordinal  characters,  and  have  again  and  again  raised  orders  to 
the  rank  of  classes.  For  we  shall  see  presently,  that  natural  orders  must  be  based 
upon  the  different  degrees  of  complication  of  structure,  exhibited  within  the  limits 
of  the  classes,  while  the  classes  themselves  are  characterized  by  the  manner  in 
which  the  plan  of  the  type  is  carried  out,  that  is  to  say,  by  the  various  com- 
binations of  the  systems  of  organs  constituting  the  body  of  the  representatives  of 
any  of  the  great  types  of  the  animal  kingdom ;  or  perhaps,  still  more  distinctly, 
the  classes  are  characterized  by  the  different  ways  in  which  life  is  maintained,  and 
the  different  means  employed  in  establishing  these  ways.  An  example  will  suffice 
to  show  that  this  distinction  implies  a  marked  difference  between  class  and  ordinal 
characters. 

Let  us  compare  the  Polyps  and  Acalcphs  as  two  classes,  without  allowing  our- 
selves to  be  troubled  by  the  different  limits  assigned  to  them  by  different  authors. 
Both  are  constructed  upon  the  same  plan,  and  belong,  on  that  account,  to  the  type 
of  Radiata.  In  establishing  this  fact,  we  do  not  consider  the  actual  structure  of 
these  animals,  whether  they  have  a  nervous  system  or  not,  whether  they  have 
organs  of  senses  or  not,  whether  their  muscles  are  striated  or  smooth,  whether 
they  have  a  solid  frame  or  an  entirely  soft  body,  whether  their  alimentary  cavity 
has  only  one  opening  or  two  opposite  openings,  whether  it  has  glandular  annexes 
or  not,  whether  the  digested  food  is  distributed  in  the  body  one  way  or  another, 
whether  the  undigested  materials  are  rejected  through  the  mouth  or  not,  whether 
the  sexes  are  distinct  or  not,  whether  they  reproduce  themselves  only  by  eggs,  or 
by  budding  also,  whether  they  are  simple  or  not :  all  we  need  know,  in  order  to 
refer  them  to  the  branch  of  Radiata,  is  whether  the  plan  of  their  structure  exhibits 
a  general  radiated  arrangement  or  not  But,  when  we  would  distinguish  Polypi, 
Acalephs,  and  Echinoderms  as  classes,  or  rather,  when  we  would  ascertain  what 
are  the  classes  among  Radiata,  and  how  many  there  are,  we  must  inquire  into  the 
manner  in  which  this  idea  of  radiation,  which  lies  at  the  foundation  of  their  plan 
of  structure,  is  actually  expressed  in  all  the  animals  exhibiting  such  a  plan,  and 
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we  find  easily,  that  while  in  some  (the  Polypi)  the  body  exhibits  a  large  cavity, 
divided  by  radiating  partitions  into  a  number  of  chambers,  into  which  hangs  a  sac, 
(the  digestive  cavity,)  open  below,  so  as  to  pour  freely  the  digested  food  into 
the  main  cavity,  whence  it  is  circulated  to  and  fro  in  all  the  chambers,  by  the 
agency  of  vibrating  cilia;  in  others,  (the  Acalephs,)  the  body  is  plain  and  full 
not  to  be  compared  to  a  hollow  sac,  traversed  only  in  its  thickness  by  radiating 
tubes,  which  arise  from  a  central  cavity,  (the  digestive  cavity,)  without  a  free  com- 
munication with  one  another  for  their  whole  length,  etc.,  etc,  while  in  others  still, 
(the  Echinoderms,)  there  is  a  tough  or  rigid  envelope  to  the  body,  inclosing  a  large 
cavity  in  which  are  contained  a  variety  of  distinct  systems  of  organs,  etc. 

Without  giving  here  a  full  description  of  these  classes,  I  only  wish  to  show, 
that  what  truly  characterizes  them,  is  not  the  complication  of  their  structure,  (for 
Hydroid  Medusas  are  hardly  more  complicated  in  their  structure  than  Polyps,)  but 
the  manner  in  which  the  plan  of  Radiata  is  carried  out,  the  ways  in  which  life 
is  maintained  in  these  animals,  the  means  applied  to  this  end;  in  one  word,  the 
combinations  of  their  structural  elements.  But  the  moment  we  would  discern 
what  are  the  orders  of  these  classes,  these  considerations  no  longer  suffice;  their 
structure  has  to  be  viewed  in  a  different  light;  it  is  now  the  complication  of 
these  apparatus  which  may  guide  us.  Actinarians  and  Halcyonarians  among  Polypi, 
as  orders,  differ,  the  first  by  having  a  larger  and  usually  indefinite  number  of 
simple  tentacles,  an  equally  large  number  of  internal  partitions,  etc.,  while  in 
Halcyonarians  the  eight  tentacles  are  lobed  and  complicated,  and  all  the  parts  are 
combined  in  pairs,  in  definite  numbers,  eta,  differences  which  establish  a  dis- 
tinct standing  between  them  in  their  class,  assigning  the  latter  a  higher  rank  than 
the  former. 

It  follows,  then,  from  the  preceding  remarks,  that  classes  are  to  be  distinguished 
by  the  manner  in  which  the  plan  of  their  type  Is  executed,  by  the  ways  and 
means  by  which  this  is  done,  or,  in  other  words,  by  the  combinations  of  their 
structural  elements,  that  is  to  say,  by  the  combinations  of  the  different  systems  of 
organs  building  up  the  body  of  their  representatives.  We  need  not  consider  here 
the  various  forms  under  which  the  structure  is  embodied,  nor  the  ultimate  details, 
nor  the  last  finish  which  tliis  structure  may  exhibit,  as  a  moments  reflection  will 
convince  any  one  that  neither  form  nor  structural  details  can  ever  be  characteristic 
of  classes. 

There  is  another  point  to  which  I  would  call  attention,  respecting  the  charac- 
teristics of  classes.  These  great  divisions,  so  important  in  the  study  of  the  animal 
kingdom,  that  a  knowledge  of  their  essential  features  is  rightly  considered  as  the 
primary  object  of  all  investigations  in  comparative  anatomy,  are  generally  repre- 
sented as  exhibiting  each  some  essential  modification  of  the  type  to  which  they 
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belong.  This  view,  again,  I  consider  to  be  a  mistaken  appreciation  of  the  facta, 
to  which  Cuvier  has  already  called  attention,  though  his  warning  has  remained 
unnoticed.1  There  is  in  reality  no  difference  in  the  plan  of  animals  belonging  to 
different  classes  of  the  same  branch.  The  plan  of  structure  of  Polypi  is  no  more 
a  modification  of  that  of  Acalepha;,  than  that  of  Acalephae  or  Echinoderms  is  a 
modification  of  the  plan  of  Polyps;  the  plan  is  exactly  the  same  in  all  three; 
it  may  be  represented  by  one  simple  diagram,  and  may  be  expressed  in  one  single 
word,  radiation;  it  is  the  manifestation  of  one  distinct,  characteristic  idea.  But 
this  idea  is  exhibited  in  nature  under  the  most  different  forms,  and  expressed  in 
different  ways,  by  the  most  diversified  combinations  of  structural  modifications  and 
in  the  most  varied  relations.  In  the  innumerable  representatives  of  each  branch 
of  the  animal  kingdom,  it  is  not  the  plan  that  differs,  but  the  manner  in  which 
this  plan  is  executed.  In  the  same  manner  as  the  variations  played  by  a  skilful 
artist  upon  the  simplest  tune  are  not  modifications  of  the  tune  itself,  but  only 
different  expressions  of  the  same  fundamental  harmony,  just  so  are  neither  the  classes, 
nor  the  orders,  nor  the  families,  nor  the  genera,  nor  the  species  of  any  great  type, 
modifications  of  its  plan,  but  only  its  different  expressions,  the  different  ways  in 
which  the  fundamental  thought  embodied  in  it  is  manifested  in  a  variety  of  living 


In  studying  the  characteristics  of  classes  we  have  to  deal  with  structural  features, 
while  in  investigating  their  relations  to  the  branches  of  the  animal  kingdom  to 
which  they  belong,  we  have  only  to  consider  the  general  plan,  the  framework, 
as  it  were,  of  that  structure,  not  the  structure  itself.  This  distinction  leads  to 
an  important  practical  result  Since,  in  the  beginning  of  this  century,  naturalists 
have  begun,  under  the  lead  of  the  German  physiophilosophers,  to  compare  more 
closely  the  structure  of  the  different  classes  of  the  animal  kingdom,  points  of 
resemblance  have  been  noticed  between  them  which  had  entirely  escaped  the  atten- 
tion of  earlier  investigators,  structural  modifications  have  been  identified,  which,  at 
first,  seemed  to  exhibit  no  similarity,  so  much  so,  that  step  by  step  these  com- 
parisons have  been  extended  over  the  whole  animal  kingdom,  and  it  has  been 
asserted,  that,  whatever  may  be  the  apparent  differences  in  the  organization  of  ani- 
mals, they  should  be  considered  as  coastructed  of  parts  essentially  identical.  This 
assumed  identity  of  structure  has  been  called  homology.1  But  the  progress  of 
science  is  gradually  restricting  these  comparisons  within  narrower  limits,  and  it 
appears  now,  that  the  structure  of  animals  is  homologous  only  as  far  as  they  belong 
to  the  same  branch,  so  much  so,  that  the  study  of  homologies  is  likely  to  afford 
one  of  the  most  trustworthy  means  of  testing  the  natural  limits  of  any  of  the 
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great  types  of  the  animal  kingdom.  While,  however,  homologies  show  the  close 
similarity  of  apparently  different  structures  and  the  perfect  identity  of  their  plan, 
within  the  same  branches  of  the  animal  kingdom,  yet,  they  daily  exhibit  more 
and  more  striking  differences,  both  in  plan  and  structure,  between  the  branches 
themselves,  leading  to  the  suspicion  that  systems  of  organs  which  are  generally 
considered  as  identical  in  different  types,  will,  in  the  end,  prove  essentially  different, 
as,  for  instance,  the  so-called  gills  in  Fishes,  Crustacea,  and  Mollusks. 

It  requires  no  great  penetration  to  see  already  that  the  gills  of  Crustacea  are 
homologous  with  the  tracheae  of  Insects  and  the  so-called  lungs  of  certain  spiders,  in 
the  same  manner  as  the  gills  of  aquatic  Mollusks  are  homologous  with  the  so-called 
lungs  of  our  air-breathing  snails  and  slugs.  Now,  until  it  can  be  shown  that  all 
these  different  respiratory  organs  are  truly  homologous,  I  hold  it  to  be  more  natural 
to  consider  the  system  of  respiratory  organs  in  Mollusks,  in  Articulates,  and  in  Verte- 
brates, as  essentially  different  among  themselves,  though  homologous  within  the  limits 
of  each  type;  and  this  remark  I  would  extend  to  all  their  systems  of  organs,  to  their 
solid  frame,  to  their  nervous  system,  to  their  muscular  system,  to  their  digestive 
apparatus,  to  their  circulation,  and  to  their  reproductive  organs,  etc  It  would  not 
be  difficult  to  show  now  that  the  alimentary  canal  with  its  glandular  appendages, 
in  Vertebrata,  is  formed  in  an  entirely  different  way  from  that  of  Articulates  or 
Mollusks,  and  that  it  cannot  be  considered  as  homologous  in  all  these  types.  And 
if  this  be  true,  wc  must  expect  soon  an  entire  reform  of  our  methods  of  illustrating 
comparative  anatomy. 

Finally,  it  ought  to  be  remembered,  in  connection  with  the  study  of  classes  as 
well  as  that  of  other  groups,  that  the  amount  of  difference  existing  between  any 
two  divisions  is  nowhere  the  same.  Some  features  in  nature  seem  to  be  insisted 
upon  with  more  tenacity  than  others,  to  be  repeated  more  frequently  and  more 
widely,  and  to  be  impressed  upon  a  larger  number  of  representatives.  This 
unequal  weight  of  different  groups,  so  evident  everywhere  in  the  animal  kingdom, 
ought  to  make  us  more  cautious  in  estimating  their  natural  limits,  and  prevent  us 
from  assigning  an  undue  value  to  the  differences  observed  between  living  beings, 
never  overrating  apparently  great  discrepancies,  nor  underrating  seemingly  trilling 
variations.  The  right  path,  however,  can  only  be  ascertained  by  extensive  inves- 
tigations, made  with  special  reference  to  this  point 

Everybody  must  know  that  the  males  and  females  of  some  species  differ  much 
more  one  from  the  other  than  many  species  do,  and  yet  the  amount  of  difference 
observed  between  species  is  constantly  urged,  even  without  a  preliminary  investi- 
gation, as  an  argument  for  distinguishing  them.  These  differences,  moreover,  are 
not  only  quantitative,  they  are  to  a  still  greater  extent  also  qualitative.    In  the 
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some  manner  do  genera  differ  more  or  less  one  from  the  other,  even  in  the  same 
family;  and  such  inequality,  and  not  an  equable  apportionment,  is  the  norm  through- 
out nature.  In  classes,  it  is  not  only  exhibited  in  the  variety  of  their  forms,  but 
also,  to  an  extraordinary  extent,  in  their  numbers,  as,  for  instance,  in  the  class  of 
Insects  compared  to  that  of  Worms  or  Crustacea.  The  primary  divisions  of  the  ani- 
mal kingdom  differ  in  the  same  manner  one  from  the  other.  Articulata  are  by  far 
the  most  numerous  branch  of  the  whole  animal  kingdom ;  their  number  exceeding 
greatly  tliat  of  all  other  animals  put  together.  Such  facts  are  in  themselves  sufficient 
to  show  how  artificial  classifications  must  be  which  admit  only  the  same  number 
and  the  same  kind  of  divisions  for  all  the  types  of  the  animal  kingdom. 


SECTION  III. 

ORDERS  AMONG  ANIMALS. 

Great  as  is  the  discrepancy  between  naturalists  respecting  the  number  and  limits 
of  claases  in  the  animal  kingdom,  their  disagreement  in  regard  to  orders  and  families 
is  yet  far  greater.  These  conflicting  views,  however,  do  not  in  the  least  shake 
my  confidence  in  the  existence  of  fixed  relations  between  animals,  determined  by 
thoughtful  considerations.  I  would  as  soon  cease  to  believe  in  the  existence  of 
one  God,  because  men  worship  Him  in  so  many  different  ways,  or  because  they 
even  worship  gods  of  their  own  making,  as  distrust  the  evidence  of  my  own  senses 
respecting  the  existence  of  a  preestablished  and  duly  considered  system  in  nature, 
the  arrangement  of  which  preceded  the  creation  of  all  things  that  exist 

From  the  manner  in  which  orders  are  generally  characterized  and  introduced 
into  our  systems,  it  would  seem  as  if  this  kind  of  groups  were  interchangeable 
with  families.  Most  botanists  make  no  difference  even  between  orders  and  families, 
and  take  almost  universally  the  terms  as  mere  Bynonyms.  Zoologists  have  more 
extensively  admitted  a  difference  between  them,  but  while  some  consider  the  orders 
as  superior,  others  place  families  higher;  others  admit  orders  without  at  the  same 
tune  distinguishing  families,  and  vice  verad  introduce  families  into  their  classification 
without  admitting  orders;  others  still  admit  tribes  as  intermediate  groups  between 
orders  and  families.  A  glance  at  any  general  work  on  Zoology  or  Botany  may 
satisfy  the  student  how  utterly  arbitrary  the  systems  arc  in  this  respect  The 
ffigne  animal  of  Cuvier  exhibits  even  the  unaccountable  feature,  that  while  Oi-ders 
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and  families  are  introduced  in  some  classes,1  only  orders  are  noticed  in  others,' 
and  even  some  exhibit  only  a  succession  of  genera  under  the  head  of  their  class, 
without  any  further  grouping  among  them  into  orders  or  families.3  Other  classi- 
fications exhibit  the  most  pedantic  uniformity  of  a  regular  succession  in  each  class, 
of  sub-classes,  orders,  sub-orders,  families,  sub-families,  tribes,  sub-tribes,  genera,  sub- 
genera, divisions,  sections,  and  sub-divisions,  sub-sections,  etc.,  but  bear  upon  their 
face,  that  they  are  made  to  suit  preconceived  ideas  of  regularity  and  symmetry  in 
the  system,  and  that  they  are  by  no  means  studied  from  nature. 

To  find  out  the  natural  characters  of  orders  from  that  which  really  exists  in 
nature,  I  have  considered  attentively  the  different  systems  of  Zoology  in  which 
orders  are  admitted  and  apparently  considered  with  more  care  than  elsewhere,  and 
in  particular  the  Sgstema  Natma  of  Linmeus,  who  first  introduced  in  Zoology  that 
kind  of  groups,  and  the  works  of  Cuvier,  in  which  orders  are  frequently  charac- 
terized with  unusual  precision,  and  it  has  appeared  to  me  that  the  leading  idea 
prevailing  everywhere  respecting  orders,  where  these  groups  are  not  admitted  at 
random,  is  that  of  a  definite  rank  among  them,  the  desire  to  determine  the  rela- 
tive standing  of  these  divisions,  to  ascertain  their  relative  superiority  or  inferiority, 
as  the  name  order,  adopted  to  designate  them,  already  implies.  The  first  order 
in  the  first  class  of  the  animal  kingdom,  according  to  the  classification  of  Linnaeus, 
is  called  by  him  Primates,  expressing,  no  doubt,  his  conviction  that  these  beings, 
among  which  Man  is  included,  rank  uppermost  in  their  class.  Blainville  uses  here 
and  there  the  expression  of  u  degrees  of  organization,"  to  designate  orders.  It  is 
true  Lamarck  uses  the  same  expression  to  designate  classes.  We  find,  therefore, 
here  as  everywhere,  the  same  vagueness  in  the  definition  of  the  different  kinds  of 
groups  adopted  in  our  systems.  But  if  we  would  give  up  any  arbitrary  use  of 
these  terms,  and  assign  to  them  a  definite  scientific  meaning,  it  seems  to  me  most 
natural,  and  in  accordance  with  the  practice  of  the  most  successful  investigators 
of  the  animal  kingdom,  to  call  orders  such  divisions  as  are  characterized  by  differ- 
ent degrees  of  complication  of  their  structure,  within  the  limits  of  the  classes. 
As  such  I  would  consider,  for  instance,  the  Actinoids  and  Halcyonoids  in  the  class 
of  Polypi,  as  circumscribed  by  Dana;  the  Hydroids,  the  Discophorae,  and  the  Cte- 


1  In  the  classes  Mammalia,  Birds,  Reptiles,  find 
Fishes,  Cuvier  distinguishes  mostly  families  as  well 

number  no  families,  whilst  others  are  divided  into 
tribes  instead  of  families.  In  the  class  of  Gasteropods, 
Annelids,  Intestinal  Worms,  and  Polyps,  some  of  the 
orders  only  are  divided  into  families,  while  the  larger 
number  are  not. 


*  The  classes  Echinoderma,  Acalcphs,  and  Infu- 
soria, are  divided  into  orders,  but  without  families. 

•  Such  are  his  classes  of  Cephalopoda,  Ptcropods, 
Brachiopods,  and  Cirripeds  (Cirrhopods.)  Of  the  Ce- 
phalopoda, he  says,  however,  they  constitute  but  one 
order  (Rcgn.  An.  vol.  S,  p.  11),  and,  p.  2*2,  he  calls 
them  a  family,  and  yet  be  distinguishes  them  as  a 
class,  p.  8. 
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noids  among  Acalephs;  the  Crinoids,  Asterioids,  Fxminoids,  and  Holothuria)  among 
Eehinoderms ;  the  Bryozoa,  Brachiopods,  Tunicata,  Lamellibranchiata  among  Acephala ; 
the  Branchifera  and  Pulmonata  among  Gasteropoda ;  the  Ophidians,  the  Saurians, 
and  the  Chelonians  among  Reptiles;  the  Ichthyoid*  and  the  Anoura  among  Amphi- 
bians, etc. 

Having  shown  in  the  preceding  paragraph  that  classes  rank  next  to  branches, 
jit  would  be  proper  I  should  show  here  that  orders  are  natural  groups  which  stand 
above  families  in  their  respective  classes ;  but  for  obvious  reasons  I  have  deferred 
•this  discussion  to  the  following  paragraph,  which  relates  to  families,  as  it  will  be 
easier  for  me  to  show  what  is  the  respective  relation  of  these  two  kinds  of  groups 
after  their  special  character  has  been  duly  considered. 

From  the  preceding  remarks  respecting  orders  it  might  be  inferred  that  I  deny 
all  gradation  among  all  other  groups,  or  that  I  assume  that  orders  constitute  neces- 
sarily one  simple  series  in  each  class.  Far  from  asserting  any  such  thing,  I  hold 
on  the  contrary,  that  neither  is  necessarily  the  case.  But  to  explain  fully  my 
-views  upon  this  point,  I  must  introduce  here  some  other  considerations.  It  will 
be  obvious,  from  what  lias  already  been  said,  (and  the  further  illustration  of  this 
subject  will  only  go  to  show  to  what  extent  this  is  true,)  that  there  exist*  an 
unquestionable  hierarchy  between  the  different  kinds  of  groups  admitted  in  our 
systems,  based  upon  the  different  kinds  of  relationship  observed  among  animals, 
that  branches  are  the  most  comprehensive  divisions,  including  each  several  classes, 
that  orders  are  subdivisions  of  the  classes,  families  subdivisions  of  orders,  genera 
subdivisions  of  families,  and  species  subdivisions  of  the  genera;  but  not  in  the 
sense  that  each  type  should  necessarily  include  the  same  number  of  classes,  nor 
even  necessarily  several  classes,  as  this  must  depend  upon  the  manner  in  which 
the  type  is  carried  out  A  class,  again,  might  contain  no  orders,1  if  its  represent- 
atives presented  no  different  degrees  characterized  by  the  greater  or  less  compli- 
cation of  their  structure;  or  it  may  contain  many,  or  few,  as  these  gradations  arc 
more  or  less  numerous  and  well  marked ;  but  as  the  representatives  of  any  and 
every  class  have  of  necessity  a  definite  form,  each  class  must  contain  at  least  one 
family,  or  many  families,  indeed,  as  many  as  there  are  systems  of  forms  under 
which  its  representatives  may  be  combined,  if  form  can  be  shown  to  be  charac- 
teristic of  families.  The  same  is  the  case  with  genera  and  species;  and  nothing 
is  more  remote  from  the  truth  than-  the  idea  that  a  genus  is  better  defined  in 
proportion  as  it  contains  a  greater  number  of  species,  or  that  it  may  be  necessary 
to  know  several  species  of  a  genus  before  its  existence  can  be  fully  ascertained. 
A  genus  may  be  more  satisfactorily  characterized,  its  peculiarity  more  fully  ascer- 

1  See  Chap.  I.  Sect.  1. 
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tained,  its  limits  better  defined,  when  we  know  all  ite  representatives;  but  I  am 
satisfied  that  any  natural  genus  may  be  at  least  pointed  out,  however  numerous 
its  species  may  be,  from  the  examination  of  any  single  one  of  them  Moreover, 
the  number  of  genera,  both  in  the  animal  and  vegetable  kingdom,  which  contain 
but  a  single  species,  is  so  great  that  it  is  a  matter  of  necessity  in  all  these  cases 
to  ascertain  their  generic  characteristics  from  that  one  species.  Again,  such  species 
require  to  be  characterized  with  as  much  precision,  and  their  specific  characters  to 
be  described  with  as  much  minuteness,  as  if  a  host  of  them,  but  not  yet  known, 
existed  besides.  It  is  a  very  objectionable  practice  among  zoologists  and  botanists, 
to  remain  satisfied  in  such  cases  with  characterizing  the  genus,  and  perhaps  to 
believe,  what  some  writers  have  actually  stated  distinctly,  that  in  such  cases  generic 
and  specific  characters  are  identical. 

Such  being  the  natural  relations  and  the  subordination  of  types,  classes,  orders, 
families,  genera,  and  species,  I  believe,  nevertheless,  that  neither  types,  nor  classes, 
(orders  of  course  not  at  all,)  nor  families,  nor  genera,  nor  species  have  the  same 
standing  when  compared  among  themselves.  But  this  does  not  in  the  least  inter- 
fere with  the  prominent  features  of  orders,  for  the  relative  standing  of  types,  or 
classes,  or  families,  or  genera,  or  species  does  not  depend  upon  the  degrees  of 
complication  of  their  structures  as  that  of  orders  does,  but  upon  other  features, 
as  I  will  now  show.  The  four  great  types  or  branches  of  the  animal  kingdom, 
characterized  as  they  are  by  four  different  plans  of  structure,  will  each  stand  higher 
or  lower,  as  the  plan  itself  bears  a  higher  or  lower  character,  and  that  this  may 
be  the  case  we  need  only  compare  Vertebra ta  and  Radiata.1  The  different  classes 
of  one  typo  will  stand  higher  or  lower,  as  the  ways  in  which  and  the  means  with 
which,  the  plan  of  the  type  to  which  they  belong  is  carried  out,  are  of  a  higher 
or  lower  nature.  Orders  in  any  or  all  classes  are  of  course  higher  or  lower 
according  to  the  degree  of  perfection  of  their  representatives,  or  according  to  the 
complication  or  simplicity  of  their  structure.  Families  may  stand  higher  or  lower 
as  the  peculiarities  of  their  form  are  determined  by  modifications  of  more  or  less 
important  systems  of  organs.  Genera  may  stand  higher  or  lower  as  the  structural 
peculiarities  of  the  parts  constituting  the  generic  characteristics  exhibit  a  higher 
or  lower  grade  of  development  Species,  lastly,  may  stand  one  above  the  other, 
in  the  same  genus,  according  to  the  character  of  their  relations  to  the  surrounding 
world,  or  that  of  their  representatives  to  one  another.  These  remarks  must 
make  it  plain  that  the  respective  rank  of  groups  of  the  same  kind  among  them- 
selves must  be  determined  by  the  superior  or  inferior  grade  of  those  features  upon 

1  I  mart  IcaTe  out  the  details  of  such  comparisons  moreover,  any  text-book  of  comparative  anatomy 
as  a  mere  mention  of  the  point  suffices  to  suggest  them ;      may  furnish  the  complete  evidence  to  that  effect. 
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which  they  are  themselves  founded;  while  orders  aloue  are  strictly  defined  by  the 
natural  degrees  of  structural  complications  exhibited  within  the  limit.-*  of  the 
classes. 

As  to  the  question,  whether  orders  constitute  necessarily  one  simple  series  in 
their  respective  classes,  I  would  say,  that  tins  must  depend  upon  the  character 
of  the  class  itself,  or  the  manner  in  which  the  plan  of  the  type  is  carried  out 
within  the  limit*  of  the  class.  If  the  class  is  homogeneous,  that  is,  if  it  is  not 
primarily  subdivided  into  sub-classes,  the  orders  will,  of  course,  form  a  single  series; 
but  if  some  of  its  organic  systems  are  developed  in  a  different  way  from  the  others, 
there  may  be  one  or  several  parallel  series,  each  subdivided  into  gradated  orders. 
This  can,  of  course,  only  be  determined  by  a  much  more  minute  Btudy  of  the 
characteristics  of  classes  than  has  been  made  thus  far,  and  mere  guesses  at  such 
an  internal  arrangement  of  the  classes  into  series,  as  those  proposed  by  Kaup  or 
Fitzinger,  can  only  be  considered  as  the  first  attempts  towards  an  estimation  of 
the  relative  value  of  the  intermediate  divisions  which  may  exist  between  the  classes 
and  their  orders. 

Okcn  and  the  physiophilosophers  generally  have  taken  a  different  view  of  orders. 
Their  idea  is,  that  orders  represent,  in  their  respective  classes,  the  characteristic 
features  of  the  other  types  of  the  annual  kingdom.  As  Oken's  Intestinal  or  Gelatin- 
ous animals  are  characterized  by  a  single  system  of  organs,  the  intestine,  they 
contain  no  distinct  orders,  but  each  class  has  three  tribes,  corresponding  to  the 
three  classes  of  this  type,  which  are  Infusoria,  Polypi,  and  Acalephs.  The  tribes  of 
the  class  of  Infusoria,  arc  Infusoria  proper,  Polypoid  Infusoria,  and  Acalephoid  Infu- 
soria; the  tribes  of  the  class  of  Polypi,  are  Infusorial  Polypi,  Polypi  proper,  and 
Acalephoid  Polypi;  the  tribes  of  the  class  Acalephs,  are  Infusorial  Acalephs,  Polypoid 
Acalephs,  and  Acalephs  proper.  But  the  classes  of  Mollusks  which  are  said  to  be 
characterized  by  two  systems  of  organs,  the  intestine  and  the  vascular  system, 
contain  each  two  orders,  one  corresponding  to  the  Intestinal  animals,  the  other  to 
the  type  of  Mollusks,  and  so  Acephala  are  divided  into  the  order  of  Gelatinous 
Acephala  and  that  of  Molluscoid  Acephala,  and  the  Gasteropods  and  Cephalopoda 
in  the  same  manner  into  two  orders  each.  The  Articulata  are  considered  as  repre- 
senting three  systems  of  organs,  the  intestinal,  the  vascular,  and  the  respiratory 
systems;  hence  their  classes  are  divided  each  into  three  orders.  For  instance,  the 
Worms  contain  an  order  of  Gelatinous  Worms,  one  of  Molluscoid  Worms,  one  of 
Annulate  Worms,  and  the  same  orders  are  adopted  for  Crustacea  and  Insects.  Verte- 
brata  are  said  to  represent  five  systems,  the  three  lower  ones  being  the  intestine,  the 
vessels,  and  the  respiratory  organs,  the  two  higher  the  flesh  (that  is,  bones,  muscles, 
and  nerves)  and  the  organs  of  senses;  hence,  five  orders  in  each  class  of  this 
type,  as,  for  example,  Gelatinous  Fishes,  Molluscoid  Fishes,  Entomoid  Fishes,  Carnal 
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Fishes,  and  Sensual  Fishes,  and  so  also  in  the  classes  of  Reptiles,  Birds,  and 
Mammalia.1 

I  have  entered  into  bo  many  details  upon  these  vagaries  of  the  distinguished 
German  philosopher,  because  these  views,  however  crude,  have  undoubtedly  been 
suggested  by  a  feature  of  the  animal  kingdom,  which  has  thus  far  been  too  little 
studied:  I  mean  the  analogies  which  exist  among  animals,  besides  their  true  affinities, 
and  which  cross  and  blend,  under  modifications  of  strictly  homologicol  structures, 
other  characters  which  are  only  analogical.  But  it  seems  to  me  that  the  subject 
of  analogies  is  too  little  known,  the  facts  bearing  upon  this  kind  of  relationship 
being  still  too  obscure,  to  be  taken  as  the  basis  of  such  important  groups  in  the 
animal  kingdom  as  the  orders  are,  and  I  would  insist  upon  considering  the  complica- 
tion or  gradation  of  structure  as  the  feature  which  should  regulate  their  limitation, 
if  under  order  we  are  to  understand  natural  groups  expressing  the  rank,  the  relative 
standing,  the  superiority  or  inferiority  of  animals  in  their  respective  classes.  Of 
course,  groups  thus  characterized  cannot  be  considered  as  mere  modifications  of  the 
classes,  being  founded  upon  a  special  category  of  features. 


Nothing  is  more  indefinite  than  the  idea  of  form,  as  applied  by  systematic 


dom,  however  extensive  or  however  limited,  from  the  branches  down  to  the  species, 
in  which  the  form  is  not  occasionally  alluded  to  as  characteristic  Speaking  of  Articu- 
lates, C.  E.  v.  Boer  characterizes  them  as  the  type  with  elongated  forms;  Mollusks 
are  to  him  the  type  with  massive  forms;  Radiates  that  with  peripheric  symmetry; 
Vertebrates  that  with  double  symmetry,  evidently  taking  their  form  in  its  widest 
sense  as  expressing  the  most  general  relations  of  the  different  dimensions  of  the 

1  See  further  developments  upon  ttiis  subject  in  Naturgeschichte,  vol.  4,  p.  682.  Compare  «l90  the 
Oke.v's  Xatnrpbilosophie,  and  in   his  Allgcmeine       following  chapter. 
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body  to  one  another.  Cuvier  speaks  of  form  in  general  with  reference  to  these 
four  great  types  as  a  sort  of  mould,  as  it  were,  in  which  the  different  types 
would  seem  to  have  been  cast  Again,  form  is  alluded  to  in  characterizing  orders ; 
for  instance,  in  the  distinction  between  the  Brachyourans  and  the  Macrourons  among 
Crustacea,  or  between  the  Saurians,  the  Ophidians,  and  the  Chelonians.  It  is  men- 
tioned as  a  distinguishing  feature  in  many  families,  ex.  gr.  the  Cetacea,  the  Bats, 
etc  Some  genera  are  separated  from  others  in  the  same  family  on  the  ground 
of  differences  of  form;  and  in  almost  every  description  of  species,  especially  when 
they  are  considered  isolatedly,  the  form  is  described  at  full  length.  Is  there  not, 
in  this  indiscriminate  use  of  the  term  of  form,  a  confusion  of  ideas,  a  want  of 
precision  in  the  estimation  of  what  ought  to  be  called  form  and  what  might  be 
designated  by  another  name?  It  seems  to  me  to  be  the  case.  In  the  first  place, 
when  form  is  considered  as  characteristic  of  Radiata  or  Articulate,  or  any  other 
of  the  great  types  of  the  animal  kingdom,  it  is  evident  that  it  is  not  a  definite 
outline  and  well-determined  figure  which  is  meant,  but  that  here  the  word  form 
is  used  as  synonym  for  plan.  Who,  for  instance,  would  describe  the  tubular  body  of 
an  Ilolothuria  as  characterized  by  a  form  similar  to  that  of  the  Euryale,  or  that  of 
an  Echinus  as  identical  with  that  of  an  Asterias?  And  who  does  not  see  that,  as 
far  as  the  form  is  concerned,  Holothuria)  resemble  Worms  much  more  than  they 
resemble  any  other  Echinoderm,  though,  as  for  as  the  plan  of  their  structure  is 
concerned,  they  are  genuine  Radiates,  and  have  nothing  to  do  with  the  Articu- 
lates ? 

Again,  a  superficial  glance  at  any  and  all  the  classes  of  the  animal  kingdom 
is  sufficient  to  show  that  each  contains  animals  of  the  most  diversified  forma 
What  can  be  more  different  than  Bate  and  Whales,  Herons  and  Parrots,  Frogs  and 
Sirens,  Eels  and  Turbote,  Butterflies  and  Bugs,  Lobsters  and  Barnacles,  Nautilus 
and  Cuttlefishes,  Slugs  and  Cunchs,  Clams  and  compound  Asidians,  Pentacrinus  and 
Spatongus,  Beroe  and  Physalia,  Actinia  and  Gorgonia  ?  And  yet  they  belong  respec- 
tively to  the  same  class,  as  they  are  coupled  here :  Bate  and  Whales  together, 
etc.  It  must  be  obvious,  then,  that  form  cannot  be  a  characteristic  element  of 
classes,  if  we  would  understand  any  thing  definite  under  that  name. 

But  form  has  a  definite  meaning  understood  everywhere,  when  applied  to  well- 
known  animals.  We  speak,  for  instance,  of  the  human  form;  an  allusion  to  the 
form  of  a  horse  or  that  of  a  bull  conveys  at  once  a  distinct  idea;  everybody  would 
acknowledge  the  similarity  of  form  of  the  horse  and  ass,  and  knows  how  to  distin- 
guish them  by  their  form  from  dogs  or  cats,  or  from  seals  and  porpoises.  In  this 
definite  meaning,  form  corresponds  also  to  what  we  call  figure  when  speaking  of 
men  and  women,  and  it  is  when  token  in  this  sense,  that  I  would  now  consider 
the  value  of  forms  as  characteristic  of  different  animals.    We  have  seen  that  form 
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cannot  be  considered  as  a  character  of  branches,  nor  of  classes;  let  us  now 
examine,  further,  whether  it  is  a  character  of  species.  A  rapid  review  of  some  of 
the  best  known  types  of  the  animal  kingdom,  embracing  well-defined  genera  with 
many  species,  will  at  once  show  that  this  cannot  be  the  case,  for  such  species  do 
not  generally  Bhow  the  least  difference  in  their  forms.  Neither  the  many  species 
of  Squirrels,  nor  the  true  Mice,  nor  the  Weasels,  nor  the  Bears,  nor  the  Eagles, 
nor  the  Falcons,  nor  the  Sparrows,  nor  the  Warblers,  nor  the  genuine  Woodpeckers, 
nor  the  true  Lizards,  nor  the  Frogs,  nor  the  Toads,  nor  the  Skates,  nor  the  Sharks 
proper,  nor  the  Turbots,  nor  the  Soles,  nor  the  Eels,  nor  the  Mackerels,  nor  the 
Sculpins,  nor  the  genuine  Shrimps,  nor  the  Crawfishes,  nor  the  Hawkmoths,  nor 
the  Geometers,  nor  the  Dorbugs,  nor  the  Spring-Beetles,  nor  the  Tapeworms, 
nor  the  Cuttlefishes,  nor  the  Slugs,  nor  the  true  Asterias,  nor  the  Sea-Anemones, 
could  be  distinguished  among  themselves,  one  from  the  other,  by  their  form  only. 
There  may  be  differences  in  the  proportions  of  some  of  their  parts,  but  the  pattern 
of  every  species  belonging  to  well-defined  natural  genera  is  so  completely  identi- 
cal that  it  will  never  afford  specific  characters.  There  are  genera  in  our  system 
which,  as  they  now  stand,  might  be  alluded  to  as  examples  contrary  to  this  state- 
ment;  but  such  genera  are  still  based  upon  very  questionable  features,  and  are 
likely  to  be  found  in  the  end  to  consist  of  unnatural  associations  of  heterogeneous 
species:  at  all  events,  all  recent  improvements  in  Zoology  have  gone  to  limit 
genera  gradually  more  and  more  in  such  a  manner,  that  the  species  belonging  to 
each  have  shown  successively  less  and  less  difference  in  form,  until  they  have 
assumed,  in  that  respect,  the  most  homogeneous  appearance.  Are  natural  genera 
any  more  to  be  distinguished  by  their  form  one  from  the  other?  Is  there  any 
appreciable  difference  in  the  general  form,  —  I  say  purposely  general  form,  because 
a  more  or  less  prominent  nose,  larger  or  smaller  ears,  longer  or  shorter  claws, 
etc.,  do  not  essentially  modify  the  form,  —  is  there  any  real  difference  in  the  general 
form  between  the  genera  of  the  most  natural  families?  Do,  for  instance,  the 
genera  of  Ursina,  the  Bears,  the  Badger,  the  Wolverines,  the  Raccoons,  differ  in  form  ? 
Do  the  Phocoidas,  the  Delphinoidae,  the  Falconinoe,  the  Turdinae,  the  Fringillinae, 
the  Picinae,  the  Scolopacina?,  the  Chelonioidro,  the  Geckonina,  the  Colubrina,  the 
Sparoidaa,  the  Elateridae,  the  Pyralidoida?,  the  Echinoidrc,  etc,  differ  any  more  among 
themselves?  Certainly  not;  though  to  some  extent,  there  are  differences  in  the 
form  of  the  representatives  of  one  genus  when  compared  to  those  of  another  genus; 
but  when  rightly  considered,  these  differences  appear  only  as  modifications  of  the 
same  type  of  forms.  Just  as  there  are  more  or  less  elongated  ellipses,  so  do  we 
find  the  figure  of  the  Badgers  somewhat  more  contracted  than  that  of  either  the 
Bears,  or  the  Raccoons,  or  the  Wolverines,  that  of  the  Wolverines  somewhat  more 
elongated  than  that  of  the  Raccoons;  but  the  form  is  here  as  completely  typical 
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as  it  is  among  the  Viverrina,  or  among  the  Canina,  or  among  the  Bradypodida?, 
or  among  the  Delphinoidse,  eta,  etc.  We  must,  therefore,  exclude  form  from  the 
characteristics  of  natural  genera,  or  at  least  introduce  it  only  as  a  modification  of 
the  typical  form  of  natural  families. 

Of  all  the  natural  groups  in  the  animal  kingdom  there  remain  then  only  families 
and  orders,  for  the  distinction  of  which  form  can  apply  as  an  essential  criterion. 
But  these  two  kinds  of  groups  are  just  those  upon  which  zoologists  are  least 
agreed,  so  that  it  may  not  be  easy  to  find  a  division  which  all  naturalists 
would  agree  to  take  as  un  example  of  u  natural  order.  Let  us,  however,  do  our 
best  to  settle  the  difficulty  and  suppose,  for  a  moment,  that  what  has  been  said 
above  respecting  the  orders  is  well  founded,  that  orders  are  natural  groups  charac- 
terized by  the  degree  of  complication  of  their  structure,  and  expressing  the  respec- 
tive rank  of  these  groups  in  their  class,  then  we  shall  find  less  difficulty  in 
pointing  out  some  few  groups  which  could  be  generally  considered  as  orders.  I 
suppose  most  naturalists  would  agree,  for  instance,  that  among  Reptiles  the  Chelo- 
nians  constitute  a  natural  order;  that  among  Fishes,  Sharks  and  Skates  constitute 
an  order  also;  and  if  any  one  would  urge  the  necessity  of  associating  also  the 
Cyclostomes  with  them,  it  would  only  the  better  serve  my  purposes.  Ganoids,  even 
circumscribed  within  narrower  limit*  than  those  1  had  assigned  to  them,  and 
perhaps  reduced  to  the  extreme  limits  proposed  for  them  by  J.  Midler,  I  am 
equally  prepared  to  take  as  an  example,  though  I  have  in  reality  still  some  objec- 
tions to  this  limitation,  which,  however,  do  not  interfere  with  my  present  object. 
Decapods,  among  Crustacea,  I  suppose  everybody  would  also  admit  as  an  order, 
and  I  do  not  care  here  what  other  families  are  claimed  besides  Decapods  to  com- 
plete the  highest  order  of  Crustacea,  Among  Acephalo,  I  trust  Bryozoa,  Tunicata, 
Brochiopods,  and  Lamellibranchiata  would  be  also  very  generally  considered  to  be 
natural  orders.  Among  Echinoderms,  I  suppose  Crinoids,  Asterioids,  Echinoids,  and 
Holothurioids  would  be  conceded  also  as  such  natural  orders;  among  Acalcphs  the 
Beroids,  and  perhaps  also  Diseophorse  and  Hydroids;  while  among  the  Polypi,  the 
Holcyonoids  constitute  a  very  natural  order  when  compared  with  the  Actinoids. 

Let  us  now  consider  these  orders  with  reference  to  the  characteristic  forms  they 
include.  The  forms  of  the  genuine  Testudo,  of  Trionyx,  and  of  Chelonia  are  very 
different,  one  from  the  other,  and  yet  few  orders  are  so  well  circumscribed  as  that 
of  CheloniaiLs.  The  whole  class  of  Fishes  scarcely  exhibits  greater  differences  than 
those  observed  in  the  forms  of  the  common  Sharks,  the  Sawfishes,  the  common 
Skates,  and  the  Torpedo,  not  to  speak  of  the  Cyclostomes  and  Myxinoids,  if  these 
famUies  were  also  considered  as  members  of  the  order  of  Placoids.  Ganoids  cannot 
be  circumscribed  within  narrower  limits  than  those  assigned  to  them  by  J.  Midler, 
and  yet  this  order,  thus  limited,  contains  forms  as  heterogeneous  as  the  Sturgeons, 
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the  Lepidosteus,  the  Polypterus,  the  Amia,  and  a  host  of  extinct  genera  and  families*, 
not  to  speak  of  those  families  I  had  associated  with  them  and  which  Prof.  Miiller 
would  have  removed,  which,  if  included  among  Ganoids,  would  add  still  more 
heteromorphous  elements  to  this  order.  Among  Decapods,  we  need  only  remember 
the  Lobsters  and  Crabs  to  be  convinced  that  it  is  not  similarity  of  form  which 
holds  them  so  closely  together  as  a  natural  order.  How  heterogeneous  Bryozoa, 
Brachiupods,  and  Tunicata  are  among  themselves,  as  far  as  their  form  is  concerned, 
everylnxly  knows  who  has  paid  the  least  attention  to  these  animals. 

Unless,  then,  form  be  too  vague  an  element  to  characterize  any  kind  of  natural 
groups  in  the  animal  kingdom,  it  must  constitute  a  prominent  feature  of  families. 
I  have  already  remarked,  that  orders  and  families  are  the  groups  upon  which 
zoologists  are  least  agreed,  and  to  the  study  and  characterizing  of  which  they  have 
paid  least  attention.  Does  this  not  arise  simply  from  the  fact,  that,  on  the  one 
hand,  the  difference  between  ordinal  and  class  characters  has  not  been  understood, 
and  only  assumed  to  be  a  difference  of  degree ;  and,  on  the  other  hand,  that  the 
importance  of  the  form,  as  the  prominent  character  of  families,  has  been  entirely 
overlooked?  For,  though  so  few  natural  families  of  animals  are  well  characterized, 
or  characterized  at  all,  we  cannot  open  a  modern  treatise  upon  any  class  of 
animals  without  finding  the  genera  more  or  less  naturally  grouped  together,  under 
the  heading  of  a  generic  name  with  a  termination  in  loo?  or  war  indicating  family 
and  sub-family  distinctions;  and  most  of  these  groups,  however  unequal  in  absolute 
value,  are  really  natural  groups,  though  far  from  designating  always  natural  families, 
being  as  often  orders  or  sulMirders,  as  families  or  sub-families.  Yet  they  indicate 
the  facility  there  is,  almost  without  study,  to  point  out  the  intermediate  natural 
groups  between  the  classes  and  the  genera.  This  arises,  in  my  opinion,  from  the 
fact,  that  family  resemblance  in  the  animal  kingdom  is  most  strikingly  expressed 
in  the  general  form,  and  that  form  is  an  element  which  falls  most  easily  under 
our  perception,  even  when  the  observation  is  made  superficially.  But,  at  the  same 
time,  form  is  most  difficult  to  describe  accurately,  and  hence  the  imperfection  of 
most  of  our  family  characteristics,  and  the  constant  substitution  for  such  characters 
of  features  which  are  not  essential  to  the  family.  To  prove  the  correctness  of 
this  view,  I  would  only  appeal  to  the  experience  of  every  naturalist.  When  we 
see  new  animals,  docs  not  the  first  glance,  that  Is,  the  first  impression  made  upon 
us  by  their  form,  give  us  at  once  a  very  correct  idea  of  their  nearest  relation- 
ship? We  perceive,  before  examining  any  structural  character,  whether  a  Beetle 
is  a  Carnbicine,  a  Longicorn,  an  Elaterid,  a  Curculionid,  a  Chrysomeline ;  whether 
a  Moth  is  a  Noctuclite,  a  Geometrid,  a  Pyralid,  etc. ;  whether  a  bird  is  a  Dove, 
a  Swallow,  a  Humming-bird,  a  Woodpecker,  a  Snipe,  a  Heron,  etc,  etc.  But  before 
we  can  ascertain  its  genus,  we  have  to  study  the  structure  of  some  characteristic 
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parte;  before  we  can  combine  families  into  natural  groups,  we  have  to  make  a 
thorough  investigation  of  their  whole  structure,  and  compare  it  with  that  of  other 
families.  So  form  is  characteristic  of  families;  and  I  can  add,  from  a  careful  investi- 
gation of  the  subject  for  several  years  past,  during  which  I  have  reviewed  the  whole 
animal  kingdom  with  reference  to  this  and  other  topics  connected  with  classifica- 
tion, that  form  is  the  essential  characteristic  of  families.1  I  do  not  mean  the  mere 
outline,  but  form  as  determined  by  structure ;  that  is  to  say,  that  families  cannot 
be  well  defined,  nor  circumscribed  within  their  natural  limits,  without  a  thorough 
investigation  of  all  those  features  of  the  internal  structure  which  combine  to  deter- 
mine the  form. 

The  characteristic  of  the  North  American  Chelonians  which  follows,  may  serve 
as  an  example  how  this  subject  is  to  be  treated.  I  will  only  add  here,  that  how- 
ever easy  it  is  at  first,  from  the  general  impression  made  upon  us  by  the  form 
of  animals,  to  obtain  a  glimpse  of  what  may  fairly  be  called  families,  few  inves- 
tigations require  more  patient  comparisons  than  those  by  which  we  ascertain 
the  natural  range  of  modifications  of  any  typical  form,  and  the  structural  features 
upon  which  it  is  based.  Comparative  anatomy  has  so  completely  discarded  every 
thing  that  relates  to  Morphology ;  the  investigations  of  anatomists  lean  so  uniformly 
towards  a  general  appreciation  of  the  connections  and  homologies  of  the  organic 
systems  which  go  to  build  up  the  body  of  animals,  that  for  the  purpose  of  under- 
standing the  value  of  forms  and  their  true  foundation,  they  hardly  ever  afford  any 
information,  unless  it  be  here  and  there  a  consideration  respecting  teleological  rela- 
tions. 

Taking  for  granted,  that  orders  are  natural  groups  characterized  by  the  com- 
plication of  their  structure,  and  that  the  different  orders  of  a  class  express  the 
different  degrees  of  that  complication;  taking  now  further  for  granted,  that  families 
are  natural  groups  characterized  by  their  form  as  determined  by  structural  pecu- 
liarities, it  follows  that  orders  are  the  superior  kind  of  division,  as  we  have  seen 
that  the  several  natural  divisions  which  are  generally  considered  as  orders,  contain 
each  several  natural  groups,  characterized  by  different  forms,  that  is  to  say,  con- 
stituting as  many  distinct  families. 

After  this  discussion  it  is  hardly  necessary  to  add,  that  families  cannot  by  any 
means  be  considered  as  modifications  of  the  orders  to  which  they  belong,  if  orders 
are  to  be  characterized  by  the  degrees  of  complication  of  their  structure,  and  families 


1  These  investigations,  which  have  led  to  most 
interesting  results,  have  delayed  thus  far  the  publi- 
cation of  the  systematic  part  of  the  Principles  of 
Zoology,  undertaken  in  common  with  my  friend, 


Dr.  A.  A.  Gould,  and  which  I  would  not  allow  to 
appear  before  I  could  revise  the  whole  animal  king- 
dom in  UiU  new  light,  in  order  to  introduce  as  much 
precision  as  possible  in  its  classification. 


Digitized  by  Google 


Ciur.  II. 


GENERA. 


161 


by  their  forms.  I  would  also  further  remark,  that  there  is  one  question  relating 
to  the  form  of  animals,  which  I  have  not  touched  here,  and  which  it  is  still  more 
important  to  consider  in  the  study  of  plants,  namely,  the  mode  of  association  of 
individuals  into  larger  or  smaller  communities,  as  we  observe  them,  particularly 
among  Polyps  and  Acalephs.  These  aggregations  have  not,  as  far  as  their  form 
is  concerned,  the  same  importance  as  the  form  of  the  individual  animals  of  which 
they  are  composed,  and  therefore  seldom  afford  trustworthy  family  characters.  But 
this  point  may  be  more  appropriately  considered  in  connection  with  the  special 
illustration  of  our  Hydroids,  to  which  my  next  volume  is  to  be  devoted 

I  have  stated  above,  that  botanists  have  defined  the  natural  families  of  plants 
with  greater  precision  than  zoologists  those  of  animals;  I  have  further  remarked 
also,  that  most  of  them  make  no  distinction  between  orders  and  families.  This 
may  be  the  result  of  the  peculiar  character  of  the  vegetable  kingdom,  which  Is 
not  built  upon  such  entirely  different  plans  of  structure  as  are  animals  of  different 
branches.  On  the  contrary,  it  is  possible  to  trace  among  plants  a  certain  gradation 
between  their  higher  and  lower  types  more  distinctly  than  among  animals,  even 
though  they  do  not,  any  more  than  animals,  constitute  a  simple  series.  It  seems 
to  me,  nevertheless,  that  if  Cryptogams,  Gymnosperms,  Monocotyledons,  and  Dico- 
tyledons can  be  considered  as  branches  of  the  vegetable  kingdom,  analogous  to 
Radiata,  Mollusks,  Articulata,  and  Vertebrata  among  animals,  such  divisions  as  Fungi. 
Algas,  Lichens,  Mosses,  Hepatica>,  and  Ferns  in  the  widest  sense,  may  be  taken  as 
classes.  Diatomaceo>,  Conferva;,  and  Fuci  may  then  be  considered  as  orders ;  Mosses 
and  Hepatica)  as  orders;  Equisetacca?,  Ferns  proper,  Hydropterids,  and  Lyeopodiaeea? 
as  orders  also;  as  they  exhibit  different  degrees  of  complication  of  structure,  while 
their  natural  subdivisions,  which  are  more  closely  allied  in  form  or  habitus,  may 
be  considered  as  families;  natural  families  among  plants  having  generally  as  distinct 
a  port,  as  families  among  animals  have  a  distinct  form.  We  need  only  remember 
the  Palms,  the  Conifera?,  the  Umbellifera?,  the  Composita?,  the  Leguminosa?,  the  Lab- 
iate, etc.,  as  satisfactory  examples  of  this  kind. 


SECTION  V. 

GENERA. 

Linnanis  already  knew  very  well  that  genera  exist  in  nature,  though  what  he 
calls  genera  constitute  frequently  groups  to  which  we  give  at  present  other  names, 
as  we  consider  many  of  them  as  families;  but  it  stands  proved  by  his  writings 
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that  he  had  fully  satisfied  himself  of  the  real  existence  of  such  groups,  for  he 
says  distinctly  in  his  Phibtophia  Bdamca,  sect  169,  "Scias  characterem  non  con- 
stituere  genus,  scd  genus  characterem.  Characterem  fluere  e  genere,  non  genus 
e  charactere.     Characterem  non  esse,  ut  genus  fiat,  setl  ut  genus  noscatur." 

It  is  surprising  that  notwithstanding  such  clear  statements,  which  might  have 
kept  naturalists  awake  respecting  the  natural  foundation  of  genera,  such  loose  ideas 
have  hecome  prevalent  upon  this  subject,  that  at  present  the  number  of  inves- 
tigators who  exhibit  much  confidence  in  the  real  existence  of  their  own  generic 
distinctions  is  very  limited.  And  as  to  what  genera  really  are,  the  want  of  pre- 
cision of  ideas  appears  still  greater.  Those  who  have  considered  the  subject  at 
all  seem  to  have  come  to  the  conclusion  that  genera  are  nothing  but  groups 
including  a  certain  number  of  species  agreeing  in  some  more  general  features 
than  those  which  distinguish  species;  thus  recognizing  no  difference  between  generic 
and  specific  characters  as  such,  as  a  single  species  may  constitute  a  genus,  when- 
ever its  characters  do  not  agree  with  the  characters  of  other  species,  and  many 
species  may  constitute  a  genus,  because  their  specific  characters  agree  to  a  certain 
extent  among  themselves.1  Far  from  admitting  such  doctrines,  I  hope  to  be  able 
to  show  that,  however  much  or  however  little  species  may  differ  among  themselves 
as  species,  yet  they  may  constitute  a  natural  genus,  provided  their  respective  generic 
characters  are  identical. 

I  have  stated  before,  that  in  order  to  ascertain  upon  what  the  different  groups 
adopted  in  our  systems  are  founded,  I  consulted  the  works  of  such  writers  as  are 
celebrated  in  the  annals  of  science  for  having  characterized  with  particular  felicity 
any  one  kind  of  these  groups,  and  I  have  mentioned  Latreille  as  prominent  among 
zoologists  for  the  precision  with  which  he  has  defined  the  genera  of  Crustacea 
and  Insects,  upon  which  he  has  written  the  most  extensive  work  extant*  An 
anecdote  which  I  have  often  heard  repeated  by  entomologists  who  knew  Latreille 
well,  is  very  characteristic  as  to  the  meaning  he  connected  with  the  idea  of  genera. 
At  the  time  he  was  preparing  the  work  just  mentioned,  he  lost  no  opportunity 
of  obtaining  specimens,  the  better  to  ascertain  from  nature  the  generic  peculiarities 
of  these  animals,  and  he  used  to  apply  to  the  entomologists  for  contributions  to  his 
collection.  It  was  not  show  specimens  he  cared  to  obtain,  any  would  do,  for  he 
used  to  say  he  wanted  them  only  "to  examine  their  parts."  Have  we  not  here 
a  hint,  from  a  master,  to  teach  us  what  genera  are  and  how  they  should  be 
characterized?     Is  it  not  the  special  structure  of  some  part  or  other,  which  charac- 

1  String,  Leber  die  naturhutoriscben  liegriffe  1  Latheillk,  Genera  Crualaceorum  und  Insect- 

von  tiattung,  Art  und  Abort,  Leipzig,  1838,  1  vol.       orum,  Pari*  et  Argent.  1806-1800,  4  vol*.  8vo. 
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terizes  genera?  Is  it  not  the  finish  of  the  organization  of  the  body,  as  worked 
out  in  the  ultimate  details  of  structure,  which  distinguishes  one  genus  from  another? 
Latreille,  in  expressing  the  wnnt  he  felt  with  reference  to  the  study  of  genera, 
has  given  us  the  key-note  of  their  harmonious  relations  to  one  another.  Genera 
are  most  closely  allied  groups  of  animals,  differing  neither  in  form,  nor  in  com- 
plication of  structure,  but  simply  in  the  ultimate  structural  peculiarities  of  some 
of  their  parts;  and  this  is,  I  believe,  the  best  definition  which  can  be  given  of 
genera.  They  are  not  characterized  by  modifications  of  the  features  of  the  fami- 
lies, for  we  have  seen  that  the  prominent  trait  of  family  difference  is  to  be  found 
in  a  typical  form ;  and  genera  of  the  same  family  may  not  differ  at  all  in  form  Nor 
arc  genera  merely  a  more  comprehensive  mould  than  the  species,  embracing  a  wide 
range  of  characteristics;  for  species  in  a  natural  genus  should  not  present  any 
structural  differences,  but  only  such  as  express  the  most  special  relations  of  their 
representatives  to  the  surrounding  world  and  to  each  other.  Genera,  in  one  word, 
are  natural  groups  of  a  peculiar  kind,  and  their  special  distinction  rests  upon  the 
ultimate  details  of  their  structure. 


SECTION  VI. 

SPECIES. 

It  is  generally  believed  that  nothing  is  easier  than  to  determine  species,  and 
that  of  all  the  degrees  of  relationship  which  animals  exhibit,  that  which  consti- 
tutes specific  identity  is  the  most  clearly  defined.  An  unfailing  criterion  of  specific 
identity  is  even  supposed  to  exist  in  the  sexual  connection  which  so  naturally 
brings  together  the  individuals  of  the  same  species  in  the  function  of  reproduc- 
tion. But  I  hold  that  this  is  a  complete  fallacy,  or  at  least  a  petUio  princijm,  not 
admissible  in  a  philosophical  discussion  of  what  truly  constitutes  the  characteristics 
of  species.  I  am  even  satisfied  that  some  of  the  most  perplexing  problems  involved 
in  the  consideration  of  the  natural  limits  of  species  would  have  been  solved  long 
ago,  had  it  not  been  so  generally  urged  that  the  ability  and  natural  disposition 
of  individuals  to  connect  themselves  in  fertile  sexual  intercourse  was  of  itself 
sufficient  evidence  of  their  specific  identity.  Without  alluding  to  the  fact  that  every 
new  case  of  hybridity 1  Ls  an  ever-returning  protest  against  such  an  assertion,  and 


1  Wif.omax,  Gvkrontc  Prcisschrift  Uber  die  Ito- 
tarderreiiping  im  Pflanicnreich,  Braunschweig.  1828, 
8vo. —  Bkai'N,  (A.,)  Ueberdie  Erseheinung  der  Ver- 
jiingung  in  der  Natur.  Freiburg,  1849,  4«o.  — Mob- 


ton,  (S.  C)  Essay  on  Hyhridity,  Amer.  Jour., 
1847.  —  Additional  Observation*  on  Hybridity  in 
Animals  and  on  some  collateral  subjects,  Charleston 
Med.  Journ.,  1850. 
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without  entering  here  into  a  discussion  respecting  the  possibility  or  practicability 
of  setting  aside  this  difficulty  by  introducing  the  consideration  of  the  limited  fer- 
tility of  the  progeny  of  individuals  of  different  species,  I  will  only  remark, 
that  a«  long  as  it  is  not  proved  that  all  the  varieties  of  dogs,  and  of  any  others 
of  our  domesticated  animals,  and  of  our  cultivated  plants,  are  respectively  derived 
from  one  unmixed  species,  and  as  long  as  doubts  can  be  entertained  respecting 
the  common  origin  of  all  races  of  men  from  one  common  stock,  it  Ls  not  logical 
to  admit  that  sexual  connection  resulting  even  in  fertile  offspring  is  a  trustworthy 
evidence  of  specific  identity. 

To  justify  this  assertion,  I  would  only  ask,  where  is  the  unprejudiced  naturalist 
who  in  our  days  would  dare  to  maintain:  1st,  that  it  is  proved  that  all  the 
domesticated  varieties  of  sheep,  of  goats,  of  bulls,  of  llamas,  of  horses,  of  dogs, 
of  fowls,  etc.,  are  respectively  derived  from  one  common  stock ;  2d,  that  the 
supposition  that  these  varieties  have  originated  from  the  complete  amalgamation  of 
several  primitively  distinct  species  is  out  of  the  question ;  and  3d,  that  varieties 
imported  from  distant  countries  and  not  before  brought  together,  such  as  the 
Shanghae  fowl,  for  instance,  do  not  completely  mingle?  Where  Is  the  physiologist 
who  can  conscientiously  affirm  that  the  limits  of  the  fertility  between  distinct 
species  are  ascertained  with  sufficient  accuracy  to  make  it  a  test  of  specific  identity? 
And  who  can  say  that  the  distinctive  characters  of  fertile  hybrids  and  of  unmixed 
breeds  are  sufficiently  obvious  to  enable  anybody  to  point  out  the  primitive  feat- 
ures of  all  our  domesticated  animals,  or  of  all  our  cultivated  plants?  As  long 
as  this  cannot  be  done,  as  long  as  the  common  origin  of  all  races  of  men,  and 
of  the  different  animals  and  plants  mentioned  above,  is  not  proved,  while  their 
fertility  with  one  another  Ls  a  fact  which  has  been  daily  demonstrated  for  thou- 
sands of  years,  as  long  as  large  numbers  of  animals  are  hermaphrodites,  never 
requiring  a  connection  with  other  individuals  to  multiply  their  species,  as  long  as 
there  are  others  which  multiply  in  various  ways  without  sexual  intercourse,  it  is 
not  justifiable  to  assume  that  those  animals  and  plants  are  unmixed  species,  and 
that  sexual  fecundity  is  the  criterion  of  specific  identity.  Moreover,  this  test  can 
hardly  ever  have  any  practical  value  in  most  cases  of  the  highest  scientific  inter- 
est It  is  never  resorted  to,  and,  as  far  as  I  know,  has  never  been  applied  with 
satisfactory  results  to  settle  any  doubtful  case.  It  has  never  assisted  any  anxious 
and  conscientious  naturalist  in  investigating  the  degree  of  relationship  between 
closely  allied  animals  or  plants  living  in  distant  regions  or  in  disconnected  geo- 
graphical areas.  It  will  never  contribute  to  the  solution  of  any  of  those  difficult 
cases  of  seeming  difference  or  identity  between  extinct  animals  and  plants  found 
in  different  geological  formations.  In  all  critical  cases,  requiring  the  most  minute 
accuracy  and  precision,  it  is  discarded  as  unsafe,  and  of  necessity  questionable. 
Accurate  science  must  do  without  it  and  the  sooner  it  is  altogether  discarded,  the 
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better.  But,  like  many  relics  of  past  time,  it  is  dragged  in  as  a  sort  of  theo- 
retical bugbear,  and  exhibited  only  now  and  then  to  make  a  false  show  in  discus- 
sions upon  the  question  of  the  unity  of  origin  of  mankind. 

There  is  another  fallacy  connected  with  the  prevailing  ideas  about  species  to 
which  I  would  also  allude:  the  fancy  that  species  do  not  exist  in  the  same  way 
in  nature  as  genera,  families,  orders,  classes,  and  types.  It  is  actually  maintained 
by  some  that  species  are  founded  in  nature  in  a  manner  different  from  these  groups; 
that  their  existence  is,  as  it  were,  more  real,  whilst  that  of  the  other  groups  is 
considered  as  ideal,  even  when  it  is  admitted  that  these  groups  have  themselves  a 
natural  foundation. 

Let  us  consider  this  point  more  closely,  as  it  involves  the  whole  question  of 
individuality.  I  wish,  however,  not  to  be  understood  as  undervaluing  the  impor- 
tance of  sexual  relations  as  indicative  of  the  close  ties  which  unite,  or  may  unite, 
the  individuals  of  the  same  species.  I  know  as  well  as  any  one  to  what  extent 
they  manifest  themselves  in  nature,  but  I  mean  to  insist  upon  the  undeniable  fact 
that  these  relations  are  not  so  exclusive  as  those  naturalists  woidd  represent  them, 
who  urge  them  as  an  unfailing  criterion  of  specific  identity.  I  would  remind  those 
who  constantly  forget  it,  that  there  are  animals  which,  though  specifically  distinct 
do  unite  sexually,  which  do  produce  offspring,  mostly  sterile,  it  is  true,  in  some 
species,  but  fertile  to  a  limited  extent  in  others,  and  in  others  even  fertile  to  an 
extent  which  it  has  not  yet  been  possible  to  determine.  Sexual  connection  is  the 
result,  or  rather  one  of  the  most  striking  expressions  of  the  close  relationship 
established  in  the  beginning  between  individuals  of  the  same  species,  and  by  no 
means  the  cause  of  their  identity  in  successive  generations.  When  first  created, 
animals  of  the  same  species  paired  because  they  were  made  one  for  the  other; 
they  did  not  take  one  another  in  order  to  build  up  their  species,  which  had  full 
existence  before  the  first  individual  produced  by  sexual  connection  was  born. 

This  view  of  the  subject  acquires  greater  importance  in  proportion  as  it  becomes 
more  apparent  that  species  did  not  originate  in  single  pairs,  but  were  created  in 
large  numbers,  in  those  numeric  proportions  which  constitute  the  natural  harmonies 
between  organized  beings.  It  alone  explains  the  possibility  of  the  procreation 
of  Hybrids,  as  founded  upon  the  natural  relationship  of  individuals  of  closely 
allied  species,  which  may  become  fertile  with  one  another,  the  more  readily  as  they 
differ  less,  structurally. 

To  assume  that  sexual  relations  determine  the  species  it  should  further  be  shown 
that  absolute  promiscuousncss  of  sexes  among  individuals  of  the  same* species  is  the 
prevailing  characteristic  of  the  animal  kingdom,  while  the  fact  Is,  that  a  large  num- 
ber even  of  animals,  not  to  speak  of  Man,  select  their  mate  for  life  and  rarely 
have  any  intercourse  with  others.    It  is  a  fact  known  to  every  farmer,  that  differ- 
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ent  breeds  of  the  game  species  are  less  inclined  to  mingle  than  individuals  of  the 
same  breed.  For  my  own  part,  I  cannot  conceive  how  moral  philosophers,  who 
urge  the  unity  of  origin  of  Man  as  one  of  the  fundamental  principles  of  their 
religion,  can  at  the  same  time  justify  the  necessity  which  it  involves  of  a  sexual 
intercourse  between  the  nearest  blood  relations  of  that  assumed  first  and  unique 
human  family,  when  such  a  connection  is  revolting  even  to  the  savage.  Then  again, 
there  are  innumerable  species  in  which  vast  numbers  of  individuals  are  never 
developed  sexually,  others  in  which  sexual  individuals  appear  only  now  and  then 
at  remote  intervals,  while  many  intermediate  generations  are  produced  without  any 
sexual  connection,  and  others  still  which  multiply  more  extensively  by  budding 
than  by  sexual  generation.  I  need  not  again  allude  here  to  the  phenomena  of 
alternate  generation,  now  so  well  known  among  Acalephs  and  Worms,  nor  to 
the  polymorphism  of  many  other  types.  Not  to  acknowledge  the  significance  of 
such  facts,  would  amount  to  the  absurd  pretension,  that  distinctions  and  definitions, 
introduced  in  our  science  during  its  infancy,  are  to  be  taken  as  standards  for 
our  appreciation  of  the  pheuomena  in  nature,  instead  of  framing  and  remodelling 
our  standards,  according  to  the  laws  of  nature,  as  our  knowledge  extends.  It  is, 
for  instance,  a  specific  character  of  the  Horse  and  the  Ass  to  be  able  to  con- 
nect sexually  with  each  other,  and  thus  to  produce  an  offspring  different  from  tbat 
which  they  bring  forth  among  themselves.  It  is  characteristic  of  the  Mare,  as 
the  representative  of  is  species,  to  bring  forth  a  Mule  with  the  Jackass,  and  of 
the  Stallion  to  procreate  Hinnies  with  the  She-ass.  It  is  equally  characteristic  of 
them  to  produce  still  other  kinds  of  halfbreeds  with  the  Zebra,  the  Daw,  etc.  And 
yet  in  face  of  all  these  facts,  which  render  sexual  reproduction,  or  at  least  pro- 
miscuous intercourse  among  the  representatives  of  the  same  species,  so  questionable 
a  criterion  of  specific  identity,  there  are  still  naturalists  who  would  represent  it  as 
an  unfailing  test,  only  that  they  may  sustain  one  single  position,  that  all  men  are 
derived  from  one  single  pair. 

These  facts,  with  other  facts  which  go  to  show  more  extensively  every  day  the 
great  probability  of  the  independent  origin  of  individuals  of  the  same  species  in 
disconnected  geographical  areas,  force  us  to  remove  from  the  philosophic  definition 
of  species  the  idea  of  a  community  of  origin,  and  consequently,  also,  the  idea  of 
a  necessary  genealogical  connection.  The  evidence  that  all  animals  have  originated 
in  large  numbers  is  growing  so  strong,  that  the  idea  that  every  species  existed  in 
the  beginning  in  single  pairs,  may  be  said  to  be  given  up  almost  entirely  by 
naturalists^  Now  if  this  is  the  case,  sexual  derivation  does  not  constitute  a  neces- 
sary specific  character,  even  though  sexual  connection  be  the  natural  process  of 
their  reproduction  and  multiplication.  If  we  are  led  to  admit  as  the  beginning  of 
each  species,  the  simultaneous  origin  of  a  large  number  of  individuals,  if  the  same 
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species  mny  originate  at  the  same  time  in  different  localities,  these  first  repre- 
sentatives of  each  species,  at  least,  were  not  connected  by  sexual  derivation ;  and  as 
this  applies  equally  to  any  first  pair,  this  fancied  test  criterion  of  specific  identity 
must  at  all  events  be  given  up,  and  with  it  goes  also  the  pretended  real  exist- 
ence of  the  species,  in  contradistinction  from  the  mode  of  existence  of  genera, 
families,  orders,  classes,  and  types;  for  what  really  exists  are  individuals,  not  species. 
We  may  at  the  utmost  consider  individuals  as  representatives  of  species,  but  no  one 
individual  nor  any  number  of  individuals  represent  its  species  only,  without  repre- 
senting also  at  the  same  time,  as  we  have  seen  above  (Sect  I.  to  V.),  its  genus,  its 
family,  its  order,  its  class,  its  type. 

Before  attempting  to  prove  the  whole  of  this  proposition,  I  will  first  con- 
sider the  characters  of  the  individual  animals.  Their  existence  is  scarcely  limited 
as  to  time  and  space  within  definite  and  appreciable  limits.  No  one  nor  all  of 
them  represent  fully,  at  any  particular  time,  their  species;  they  are  always  only  the 
temporary  representatives  of  the  species,  inasmuch  as  each  species  exists  longer  in 
nature  than  any  of  its  individuals.  All  the  individuals  of  any  or  of  nil  species 
now  existing  are  only  the  successors  of  other  individuals  which  have  gone  before, 
and  the  predecessors  of  the  next  generations;  they  do  not  constitute  the  species, 
they  represent  it  The  species  is  an  ideal  entity,  as  much  as  the  genus,  the  family, 
the  order,  the  class,  or  the  type;  it  continues  to  exist  while  its  representatives 
die,  generation  after  generation.  But  these  representatives  do  not  simply  repre- 
sent what  is  specific  in  the  individual,  they  exhibit  and  reproduce  in  the  same 
manner,  generation  after  generation,  all  that  is  generic  in  them,  all  that  charac- 
terizes the  family,  the  order,  the  class,  the  branch,  with  the  same  fulness,  the 
same  constancy,  the  same  precision.  Species  then  exist  in  nature  in  the  same 
manner  as  any  other  groups,  they  are  quite  as  ideal  in  their  mode  of  existence 
as  genera,  families,  etc.,  or  quite  as  real.  But  individuals  truly  exist  in  a  differ- 
ent way;  no  one  of  them  exhibits  at  one  time  all  the  characteristics  of  the  species, 
even  though  it  be  hermaphrodite,  neither  do  any  two  represent  it  even  though 
the  species  be  not  polymorphous,  for  individuals  have  a  growth,  a  youth,  a  mature 
age,  an  old  age,  and  are  bound  to  some  limited  home  during  their  lifetime. 
It  is  true  species  are  also  limited  in  their  existence;  but  for  our  purpose,  we  can 
consider  these  limits  as  boundless,  inasmuch  as  we  have  no  means  of  fixing  their 
duration,  either  for  the  past  geological  ages,  or  for  the  present  period,  whilst 
the  short  cycles  of  the  life  of  individuals  are  easily  measurable  quantities.  Now 
as  truly  as  individuals,  while  they  exist  represent  their  species  for  the  time  being, 
and  do  not  constitute  them,  so  truly  do  these  same  individuals  represent  at  the 
same  time  their  genus,  their  family,  their  order,  their  class,  and  their  type,  the 
characters  of  which  they  bear  as  indelibly  as  those  of  the  species. 
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As  representatives  of  Species,  individual  animals  bear  the  closest  relations  to  one 
another;  they  exhibit  definite  relations  also  to  the  surrounding  elements,  and  their 
existence  is  limited  within  a  definite  period. 

As  representatives  of  Genera,  these  same  individuals  have  a  definite  aud  specific 
ultimate  structure,  identical  with  that  of  the  representatives  of  other  species. 

As  representatives  of  Families,  these  same  individuals  have  a  definite  figure  exhibit- 
ing, with  similar  forms  of  other  genera,  or  for  themselves,  if  the  family  contains 
but  one  genus,  a  distinct  specific  pattern. 

As  representatives  of  Orders,  these  same  individuals  stand  in  a  definite  rank  when 
compared  to  the  representatives  of  other  families. 

At  representatives  of  Classes,  these  same  individuals  exhibit  the  plan  of  structure 
of  their  respective  type  in  a  special  manner,  carried  out  with  special  means  and 
in  special  ways. 

As  representatives  of  Brandies,  these  same  individuals  are  all  organized  upon  a  dis- 
tinct plan,  differing  from  the  plan  of  other  types. 

Individuals  then  are  the  bearers,  for  the  time  being,  not  only  of  specific  char- 
acteristics, but  of  all  the  natural  features  in  which  animal  life  is  displayed  in  all 
its  diversity. 

Viewing  individuals  in  this  light,  they  resume  all  their  dignity;  they  are  no 
longer  absorbed  in  the  species  to  be  for  ever  its  representatives,  without  ever  being 
any  thing  for  themselves.  On  the  contrary,  it  becomes  plain,  from  this  point  of  view, 
that  the  individual  is  the  worthy  bearer,  for  the  time  being,  of  all  the  riches  of 
nature's  wealth  of  life.  This  view  further  teaches  us  how  we  may  investigate,  not 
only  the  species  in  the  individual,  but  the  genus  also,  the  family,  the  order,  the 
class,  the  type,  as  indeed  naturalists  have  at  all  times  proved  in  practice,  whilst 
denying  the  possibility  of  it  in  theory. 

Having  thus  cleared  the  field  of  what  docs  not  belong  therein,  it  now  remains 
for  me  to  show  what  in  reality  constitutes  species,  and  how  they  may  be  dis- 
tinguished with  precision  within  their  natural  limits. 

If  we  would  not  exclude  from  the  characteristics  of  Hpecies  any  feature  which  is 
essential  to  it,  nor  force  into  it  any  one  which  is  not  so,  we  must  first  acknowledge 
that  it  is  one  of  the  characters  of  species  to  belong  to  a  given  period  in  the 
history  of  our  globe,  and  to  hold  definite  relations  to  the  physical  conditions  then 
prevailing,  and  to  animals  and  plants  then  existing.  These  relations  are  manifold, 
and  are  exhibited:  1st,  in  the  geographical  range  natural  to  any  species,  as  well 
as  in  its  capability  of  being  acclimated  in  countries  where  it  is  not  primitively 
found;  2d,  in  the  connection  in  which  they  stand  to  the  elements  around  them, 
when  they  inhabit  either  the  water,  or  the  land,  deep  seas,  brooks,  rivers  and 
lakes,  shoals,  flat,  sandy,  muddy,  or  rocky  coasts,  limestone  banks,  coral  reefs,  swamps, 
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meadows,  fields,  dry  lands,  salt  deserts,  sandy  deserts,  moist  land,  forests,  shady  groves, 
sunny  hills,  low  regions,  plains,  prairies,  high  table-lands,  mountain  peaks,  or  the 
frozen  barrens  of  the  Arctics,  etc.;  3d,  in  their  dependence  upon  this  or  that  kind 
of  food  for  their  sustenance;  4th,  in  the  duration  of  their  life;  5th,  in  the  mode 
of  their  association  with  one  another,  whether  living  in  flocks,  small  companies,  or 
isolated;  6th,  in  the  period  of  their  reproduction;  7th,  in  the  changes  they  undergo 
during  their  growth,  and  the  periodicity  of  these  changes  in  their  metamorphosis; 
8th,  in  their  association  with  other  beings,  which  is  more  or  less  close,  as  it 
may  only  lead  to  a  constant  association  in  some,  whilst  in  others  it  amounts 
to  parasitism;  9th,  specific  characteristics  are  further  exhibited  in  the  size  animals 
attain,  in  the  proportions  of  their  parts  to  one  another,  in  their  ornamentation, 
eUx,  and  all  the  variations  to  which  they  are  liable. 

As  soon  as  all  the  facts  bearing  upon  these  different  points  have  been  fully 
ascertained,  there  can  remain  no  doubt  respecting  the  natural  limitation  of  species; 
and  it  is  only  the  insatiable  desire  of  describing  new  species  from  insufficient  data 
which  has  led  to  the  introduction  in  our  systems  of  so  many  doubtful  species, 
which  add  nothing  to  our  real  knowledge,  and  only  go  to  swell  the  nomenclature 
of  animals  and  plants  already  so  intricate. 

Assuming  then,  that  species  cannot  always  be  identified  at  first  sight,  that  it 
may  require  a  long  time  and  patient  investigations  to  ascertain  their  natural  limits ; 
assuming  further,  that  the  features  alluded  to  above  are  among  the  most  promi- 
nent characteristics  of  species,  we  may  say,  that  species  are  based  upon  well 
determined  relations  of  individuals  to  the  world  around  them,  to  their  kindred,  and 
upon  the  proportions  and  relations  of  their  parts  to  one  another,  as  well  as  upon  their 
ornamentation.  Well  digested  descriptions  of  species  ought,  therefore,  to  be  com- 
parative; they  ought  to  assume  the  character  of  biographies,  and  attempt  to  trace 
the  origin  and  follow  the  development  of  a  species  during  its  whole  existence. 
Moreover,  all  the  changes  which  species  may  undergo  in  course  of  time,  especially 
under  the  fostering  care  of  man,  in  the  state  of  domesticity  and  cultivation,  belong 
to  the  history  of  the  species;  even  the  anomalies  and  diseases  to  which  they  are 
subject,  belong  to  their  cycle,  as  well  as  their  natural  variations.  Among  some 
species,  variation  of  color  is  frequent,  others  never  change,  some  change  periodi- 
cally, others  accidentally;  some  throw  off  certain  ornamental  appendages  at  regular 
times,  the  Deers  their  horns,  some  Birds  the  ornamental  plumage  they  wear  in 
the  breeding  season,  etc  All  this  should  be  ascertained  for  each,  and  no  species 
can  be  considered  as  well  defined  and  satisfactorily  characterized,  the  whole  history 
of  which  is  not  completed  to  the  extent  alluded  to  above.  The  practice  prevailing 
since  Linnaeus  of  limiting  the  characteristics  of  species  to  mere  diagnoses,  has  led 
to  the   present   confusion   of  our  nomenclature,  and  made  it  often  impossible  to 
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ascertain  what  were  the  species  the  authors  of  such  condensed  descriptions  had 
before  them.  But  for  the  tradition  which  has  transmitted,  generation  after  gener- 
ation, the  knowledge  of  these  species  among  the  cultivators  of  science  in  Europe, 
this  confusion  would  be  still  greater;  but  for  the  preservation  of  most  original 
collections  it  would  be  inextricable.  In  countries,  which,  like  America,  do  not  enjoy 
these  advantages,  it  is  often  hopeless  to  attempt  critical  investigations  upon  doubtful 
cases  of  this  kind.  One  of  our  ablest  and  most  critical  investigators,  the  lamented 
Dr.  Harris,  has  very  forcibly  set  forth  the  difficulties  under  which  American 
naturalists  labor  in  this  respect,  in  the  Preface  to  his  Report  upon  the  Insects 
Injurious  to  Vegetation. 


SECTION  VII. 

OTHER  NATURAL  DIVISIONS  AMONG  ANIMALS. 

Thus  far  I  have  considered  only  those  kinds  of  divisions  which  are  introduced 
in  almost  all  our  modern  classifications,  and  attempted  to  show  that  these  groups 
are  founded  in  nature  and  ought  not  to  be  considered  as  artificial  devices,  invented 
by  man  to  facilitate  his  studies.  Upon  the  closest  scrutiny  of  the  subject,  I  find 
that  these  divisions  cover  all  the  categories  of  relationship  which  exist  among 
animals,  as  far  as  their  structure  is  concerned. 

Branches  or  types  are  characterized  by  the  plan  of  their  structure, 

Classes,  by  the  manner  in  which  that  plan  is  executed,  as  far  as  ways  and  means 
are  concerned, 

Orders,  by  the  degrees  of  complication  of  that  structure, 

Families,  by  their  form,  as  far  as  determined  by  structure, 

Genera,  by  the  details  of  the  execution  in  special  parts,  and 

Species,  by  the  relations  of  individuals  to  one  another  and  to  the  world  in 
which  they  live,  as  well  as  by  the  proportions  of  their  parte,  their  ornamenta- 
tion, etc. 

And  yet  there  are  other  natural  divisions  which  must  be  acknowledged  in  a 
natural  zoological  system ;  but  these  are  not  to  be  traced  so  uniformly  in  all 
classes  as  the  former,  —  they  are  in  reality  only  limitations  of  the  other  kinds  of 

A  class  in  which  one  system  of  organs  may  present  a  peculiar  development, 
while  all  the  other  systems  coincide,  may  be  subdivided  into  sub-classes ;  for  instance, 
the  Marsupialia  when  contrasted  with  the  Placental  Mammalia.     The  characters 
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upon  which  such  a  subdivision  is  founded,  arc  of  the  kind  upon  which  the  class 
itself  is  based,  but  do  not  extend  to  the  whole  class.  An  order  may  embrace 
natural  groups,  of  a  higher  value  than  families,  founded  upon  ordinal  characters, 
which  may  yet  not  determine  absolute  superiority  or  inferiority,  and  therefore  not 
constitute  for  themselves  distinct  orders;  as  the  characters  upon  which  they  are 
founded,  though  of  the  kind  which  determines  orders,  may  be  so  blended  as  to 
determine  superiority  in  one  respect,  while  with  reference  to  some  other  features 
they  may  indicate  inferiority.  Such  groups  are  called  sub-orders.  The  order  of 
Testudinata,  which  I  shall  consider  more  in  detail  in  the  second  part  of  this  volume, 
may  best  illustrate  this  point,  as  it  contains  two  natural  sub-orders.  A  natural 
family  may  exhibit  such  modifications  of  its  characteristic  form,  that  upon  these 
modifications  subdivisions  may  be  distinguished,  which  have  been  called  subfamilies 
by  some  authors,  tribes  or  legions  by  others.  In  a  natural  genus,  a  number  of 
species  may  agree  more  closely  than  others  in  the  particulars  which  constitute 
the  genus  and  lead  to  the  distinction  of  sub-genera.  The  individuals  of  a  species, 
occupying  distinct  fields  of  its  natural  geographical  area,  may  differ  somewhat  from 
one  another,  and  constitute  varieties,  etc. 

These  distinctions  have  long  ago  been  introduced  into  our  systems,  and  every 
practical  naturalist,  who  has  made  a  special  study  of  any  class  of  the  animal  king- 
dom, must  have  been  impressed  with  the  propriety  of  acknowledging  a  large  number 
of  subdivisions,  to  express  all  the  various  degrees  of  affinity  of  the  different  members 
of  any  higher  natural  group.  Now,  while  1  maintain  that  the  branches,  the  classes, 
the  orders,  the  families,  the  genera,  and  the  species  are  groups  established  in  nature 
respectively  upon  different  categories,  and  while  I  feel  prepared  to  trace  the  natural 
limits  of  these  groups  by  the  characteristic  features  upon  which  they  are  founded, 
I  must  confess  at  the  same  time  that  I  have  not  yet  been  able  to  discover  the 
principle  which  obtains  in  the  limitation  of  their  respective  subdivisions.  All  I 
can  say  is,  that  all  the  different  categories  considered  above,  upon  which  branches, 
classes,  orders,  families,  genera,  and  species  are  founded,  have  their  degrees,  and  upon 
these  degrees  sub-classes,  sub-orders,  sub-families,  and  sub-genera  have  been  established. 
For  the  present,  these  subdivisions  must  be  left  to  arbitrary  estimations,  and  we 
shall  have  to  deal  with  them  as  well  as  we  can,  as  long  as  the  principles  which 
regulate  these  degrees  in  the  different  kinds  of  groups  are  not  ascertained.  I 
hope,  nevertheless,  that  such  arbitrary  estimations  are  for  ever  removed  from  our 
science,  as  far  as  the  categories  themselves  are  concerned. 

Thus  far,  inequality  of  weight  seems  to  be  the  standard  of  the  internal  valua- 
tion of  each  kind  of  group;  and  this  inequality  extends  to  all  groups,  for  even 
within  the  branches  there  are  classes  more  closely  related  among  themselves 
than  others:   Polypi  and  Acalephs,  for  instance,  stand  nearer  to  one  another  than 
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to  Echinoderms ;  Crustacea  and  Insects  are  more  closely  allied  to  one  another  than 
to  Worms,  etc  Upon  such  degrees  of  relationship  between  the  classes,  within 
their  respective  branches,  the  so-called  sub-types  have  been  founded,  and  these  differ- 
ences have  occasionally  been  exaggerated  so  far  as  to  give  rise  to  the  establishment 
of  distinct  branches.  Upon  similar  relations  between  the  branches,  sub-kingdoms 
have  also  been  distinguished,  but  I  hardly  think  that  such  far-fetched  combinations 
can  be  considered  as  natural  groups;  they  seem  to  me  rather  the  expression  of 
a  relation  arising  from  the  weight  of  their  whole  organization,  as  compared  with 
that  of  other  groups,  than  the  expression  of  a  definite  relationship. 


SECTION  VIII. 

SUCCESSIVE  DEVELOPMENT  0¥  CHARACTERS. 

It  has  been  repeated,  again  and  again,  that  the  characters  distinguishing  the 
different  types  of  the  animal  kingdom  were  developed  in  the  embryo  in  the  suc- 
cessive order  of  their  importance:  first  the  structural  features  of  their  respective 
branches,  next  the  characters  of  the  class,  next  those  of  the  order,  next  those 
of  the  family,  next  those  of  the  genus,  and  finally  those  of  the  species.  This 
assertion  has  met  with  no  direct  opposition;  on  the  contrary,  it  seems  to  have  been 
approved  almost  without  discussion,  and  to  be  generally  taken  for  granted  now. 
The  importance  of  the  subject  requires,  however,  a  closer  scrutiny;  for  if  Embry- 
ology is  to  lead  to  great  improvements  in  Zoology-,  it  is  necessary,  at  the  outset, 
to  determine  well  what  kind  of  information  we  may  expect  it  to  furnish  to  its 
sister  science.  Now  I  would  ask  if,  at  this  day,  zoologists  know  with  sufficient 
precision  what  are  typical,  class,  ordinal,  family,  generic,  and  specific  characters,  to 
be  justified  in  maintaining  that,  in  the  progress  of  embryonic  growth,  the  features 
which  become  successively  prominent  correspond  to  these  characters  and  in  the 
order  of  their  subordination?  I  doubt  it.  I  will  say  more:  I  am  sure  there  is 
no  such  understanding  about  it  among  them,  for  if  there  was,  they  would  already 
have  perceived  that  this  assumed  coincidence,  between  the  subordination  of  natural 
groups  among  full-grown  animals  and  the  successive  stages  of  growth  during  their 
embryonic  period  of  life,  docs  not  exist  in  nature.  It  is  true,  there  are  certain 
features  in  the  embryonic  development  which  may  suggest  the  idea  of  a  progress 
from  a  more  general  typical  organization  to  its  ultimate  specialization,  but  it  nowhere 
proceeds  in  that  stereotyped  order  of  succession,  nor  indeed  even  in  a  general  way, 
in  the  manner  thus  assumed. 
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Let  us  see  whether  it  is  not  possible  to  introduce  more  precision  in  this  matter. 
Taking  for  granted  that  what  I  have  said  about  the  characteristics  of  the  natural 
groups  in  the  animal  kingdom  is  correct,  that  we  have,  1st,  four  great  typical 
branches  of  the  animal  kingdom,  characterized  by  different  plans  of  structure; 
2d,  classes,  characterized  by  the  ways  in  which  and  the  means  with  which  these 
plans  of  structure  arc  executed ;  3d,  orders,  characterized  by  the  degrees  of  simplicity 
or  complication  of  that  structure;  4th,  families,  characterized  by  differences  of  form, 
or  by  the  structural  peculiarities  determining  form ;  5th,  genera,  characterized  by 
ultimate  peculiarities  of  structure  in  the  parts  of  the  body;  6th,  species,  charac- 
terized by  relations  and  proportions  of  parts  among  themselves,  and  of  the  indi- 
viduals to  one  another  and  to  the  surrounding  mediums;  we  reach,  finally,  the 
individuals,  which,  for  the  time  being,  represent  not  only  the  species  with  all 
their  varieties,  and  variations  of  age,  sex,  size,  etc.,  but  also  the  characteristic  features 
of  oil  the  higher  groups.  We  have  thus,  at  one  end  of  the  series,  the  most  com- 
prehensive categories  of  the  structure  of  animals,  while  at  the  other  end  we  meet 
individual  beings.  Individuality  on  one  side,  the  most  extensive  divisions  of  the 
animal  kingdom  on  the  other.  Now,  to  begin  our  critical  examination  of  the 
progress  of  life  in  its  successive  manifestations  with  the  extremes,  is  it  not  plain, 
from  all  we  know  of  Embryology,  that  individualization  is  the  first  requirement 
of  all  reproduction  and  multiplication,  and  that  an  individual  germ,  (or  a  number 
of  them,)  an  ovarian  egg,  or  a  bud,  is  first  formed  and  becomes  distinct  as  an 
individual  from  the  body  of  the  parent,  before  it  assumes  either  the  characters 
of  its  great  type  or  those  of  its  class,  order,  etc.?  This  fact  is  of  great  significance, 
as  showing  the  importance  of  individuality  in  nature.  Next,  it  is  true,  we  perceive 
generally  the  outlines  of  the  plan  of  structure,  before  it  becomes  apparent  in 
what  manner  that  plan  is  to  be  carried  out;  the  character  of  the  type  is  marked 
out,  in  its  most  general  features,  before  that  of  the  class  can  be  recognized  with 
any  degree  of  precision.  Upon  this  fact,  we  may  base  one  of  the  .most  important 
generalizations  in  Embryology. 

It  has  been  maintained,  in  the  most  general  terms,  that  the  higher  animals 
pass  during  their  development  through  all  the  phases  characteristic  of  the  inferior 
classes.  Put  in  this  form,  no  statement  can  be  further  from  the  truth,  and  yet 
there  arc  decided  relations  within  certain  limits,  between  the  embryonic  stages  of 
growth  of  higher  animals  and  the  permanent  characters  of  others  of  an  inferior 
grade.  Now  the  fact  mentioned  above,  enables  us  to  mark  with  precision  the  limits 
within  which  these  relations  may  be  traced.  As  eggs,  in  their  primitive  condi- 
tion, animals  do  not  differ  one  from  the  other;  but  as  soon  as  the  embryo  has 
begun  to  show  any  characteristic  features,  it  presents  such  peculiarities  as  dis- 


tinguish its  type.     It  cannot,  therefore,  be  said  that  any  animal  passes  through 
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phases  of  development,  which  are  not  included  within  the  limits  of  its  own  type; 
no  Vertebrate  is,  or  resembles,  at  any  time  an  Articulate,  no  Articulate  a  Mollusk, 
no  Mollusk  a  Radiate,  and  vice  vend.  Whatever  correlations  between  the  young  of 
higher  animals  and  the  perfect  condition  of  inferior  ones  may  be  traced,  they  are 
always  limited  to  representatives  of  the  same  great  types;  for  instance,  Mammalia 
and  Birds,  in  their  earlier  development,  exhibit  certain  features  of  the  lower  classes 
of  Vertebrates,  such  as  the  Reptiles  or  Fishes;  Insects  recall  the  Worms  in  some 
of  their  earlier  stages  of  growth,  etc,  but  even  this  requires  qualifications  to 
which  we  shall  have  to  refer  hereafter.  However,  thus  much  is  already  evident, 
that  no  higher  animal  passes  through  phases  of  development  recalling  all  the  lower 
types  of  the  animal  kingdom,  but  only  such  as  belong  to  its  own  branch.  What 
has  been  said  of  the  infusorial  character  of  young  embryos  of  Worms,  Mollusks, 
and  Radiates,  can  no  longer  stand  before  a  serious  criticism,  because,  in  the  first 
place,  the  animals  generally  called  Infusoria  cannot  themselves  be  considered  as  a 
natural  class;  and  in  the  second  place,  those  to  which  a  reference  is  made  in  this 
connection,  are  themselves  free-moving  embryos.1 

With  the  progress  of  growth  and  in  proportion  as  the  type  of  an  animal 
becomes  more  distinctly  marked,  in  its  embryonic  state,  the  plan  of  structure  appears 
also  more  distinctly  in  the  peculiarities  of  that  structure,  that  is  to  say,  in  the 
ways  in  which  and  the  means  by  which  the  plan,  only  faintly  indicated  at  first, 
is  to  be  carried  out  and  become  prominent,  and  by  this  the  class  character  is 
pointed  out  For  instance,  a  wormlike  insect  larva  will  already  show,  by  its  trachea?, 
that  it  is  to  be  an  Insect  and  not  to  remain  a  Worm,  as  it  at  first  appears  to 
be;  but  the  complications  of  that  special  structure,  upon  which  the  orders  of 
the  class  of  Insects  are  based,  do  not  yet  appear;  this  is  perfected  only  at  a  late 
period  in  the  embryonic  life.  At  this  stage,  we  frequently  notice  already  a  remark- 
able advance  of  the  features  characteristic  of  the  families  over  those  characteristic  of 
the  order;  for  instance,  young  flemiptera,  young  Orthoptera  may  safely  be  referred 
to  their  respective  families,  from  the  characteristics  they  exhibit  before  they  show 
those  peculiarities  which  characterize  them  as  Hemiptera  or  as  Orthoptera;  young 
Fishes  may  be  known  as  members  of  their  respective  families  before  the  charac- 
ters of  their  orders  are  apparent*  etc. 

It  is  very  obvious  why  this  should  be  so.  With  the  progress  of  the  develop- 
ment of  the  structure,  the  general  form  is  gradually  sketched  out,  and  it  has 
already  reached  many  of  its  most  distinctive  features,  before  all  the  complications 
of  the  structure  which  characterize  the  orders  have  become  apparent;  and  as  form 
characterizes  essentially  the  families,  we  see  here  the  reason  why  the  family  type 

1  See  above,  Chap.  I.,  Sect.  18,  p.  75. 
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may  be  fully  stamped  upon  an  animal  before  its  ordinal  characters  are  developed. 
Even  specific  characters,  as  far  an  they  depend  upon  the  proportions  of  parts  and 
have  on  that  ground  an  influence  in  modifying  the  form,  may  be  recognized  long 
before  the  ordinal  characters  are  fully  developed.  The  Snapping-Turtle,  for  instance, 
exhibit*  its  small  crosslike  sternum,  its  long  tail,  its  ferocious  habits  even  before  it 
leaves  the  egg,  before  it  breathes  through  lungs,  before  its  denn  is  ossified  to  form 
a  bony  shield,  etc.;  nay,  it  snaps  with  its  gaping  jaws  at  any  thing  brought 
near,  though  it  be  still  surrounded  by  its  amnios  and  allantois,  and  its  yolk  still 
exceeds  in  bulk  its  whole  body.1  The  calf  assumes  the  form  of  the  bull  before 
it  bears  the  characteristics  of  the  hollow-horned  Ruminants;  the  fawn  exhibits  all 
the  peculiarities  of  its  species  before  those  of  its  family  are  unfolded. 

With  reference  to  generic  characters,  it  may  be  said  that  they  are  scarcely 
ever  developed  in  any  type  of  the  animal  kingdom,  before  the  specific  features 
are  for  the  most  part  fully  sketched  out,  if  not  completely  developed.  Can  there 
be  any  doubt  that  the  human  embryo  belongs  to  the  genus  Homo,  even  before  it 
has  cut  a  tooth?  Is  not  a  kitten,  or  a  puppy  distinguishable  as  a  cat  or  a  dog, 
before  the  claws  and  teeth  tell  their  genus?  Is  this  not  true  also  of  the  Lamb, 
the  Kid,  the  Colt,  the  Rabbits,  and  the  Mice,  of  most  Birds,  most  Reptiles,  most 
Fishes,  most  Insects,  Mollusks  and  Radiates?  And  why  should  this  be?  Simply, 
because  the  proportions  of  parts,  which  constitute  specific  characters,  are  recog- 
nizable before  their  ultimate  structural  development,  which  characterizes  genera,  is 
completed. 

It  seems  to  me  that  these  facts  are  likely  to  influence  the  future  progress 
of  Zoology,  in  enabling  us  gradually  to  unravel  more  and  more  distinctly,  the 
features  which  characterize  the  different  subordinate  groups  of  the  animal  king- 
dom. The  views  I  have  expressed  above  of  the  respective  value  and  the  promi- 
nent characteristics  of  these  different  groups,  have  stood  so  completely  the  test  in 
this  analysis  of  their  successive  appearance,  that  I  consider  this  circumstance  as 
adding  to  the  probability  of  their  correctness. 

Rut  this  has  another  very  important  bearing,  to  which  I  have  already  alluded 
in  the  beginning  of  these  remarks.  Before  Embryology  can  furnish  the  means  of 
settling  some  of  the  most  perplexing  problems  in  Zoology,  it  is  indispensable  to 
ascertain  first  what  are  typical,  classic,  ordinal,  family,  generic,  and  specific  charac- 
ters; and  as  long  as  it  could  be  supposed  that  these  characters  appear  necessarily 


1  Pr.  M.  v.  Nf.u-Wif.d  quotes  a*  a  remarkable 
fact,  that  the  Chclonarn  serpentina  bite*  a*  soon  as  it 
is  hatched.  I  have  seen  it  snapping  in  the  same 
flrrce  manner  a*  it  does  when  full-grown,  at  a  time 


it  wa*  still  a  pale,  almost  colorless  embryo,  wrapped 
up  in  its  fietal  envelopes,  with  a  yolk  larger  than 
itself  hanging  from  its  sternum,  three  months  before 
hatching. 
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during  the  embryonic  growth,  in  the  order  of  their  subordination,  there  was  no 
possibility  of  deriving  from  embryological  monographs,  that  information  upon  this 
point,  so  much  needed  in  Zoology,  and  so  seldom  alluded  to  by  embryologists. 
Again,  without  knowing  what  constitutes  truly  the  characters  of  the  groups  named 
above,  there  is  no  possibility  of  finding  out  the  true  characters  of  a  genus  of 
which  only  one  species  is  known,  of  a  family  which  contains  only  one  genus,  etc, 
and  for  the  same  reason  no  possibility  of  arriving  at  congruent  results  with  refer- 
ence to  the  natural  limitations  of  genera,  families,  orders,  etc.,  without  which  we 
cannot  even  begin  to  build  up  a  permanent  classification  of  the  animal  kingdom; 
and  still  less,  hope  to  establish  a  solid  basis  for  a  general  comparison  between 
the  animals  now  living  and  those  which  have  peopled  the  surface  of  our  globe 
in  past  geological  ages. 

It  is  not  accidentally  I  have  been  led  to  these  investigations,  but  by  necessity. 
As  often  as  I  tried  to  compare  higher  or  more  limited  groups  of  animals  of  the 
present  period  with  those  of  former  ages,  or  early  stages  of  growth  of  higher  living 
animals  with  full-grown  ones  of  lower  types,  I  was  constantly  stopped  in  my 
progress  by  doubts  as  to  the  equality  of  the  standards  I  was  applying,  until  I 
made  the  standards  themselves  the  object  of  direct  and  very  extensive  investiga- 
tions, covering  indeed  a  much  wider  ground  than  would  appear  from  these  remarks, 
for,  upon  these  principles,  I  have  already  remodelled,  for  my  own  convenience,  nearly 
the  whole  animal  kingdom,  and  introduced  in  almost  every  class  very  unexpected 
changes  in  the  classification. 

I  have  already  expressed  above1  my  conviction  that  the  only  true  system  is 
that  which  exists  in  nature,  and  as,  therefore,  no  one  should  have  the  ambition 
of  erecting  a  system  of  his  own,  I  will  not  even  attempt  now  to  present  these 
results  in  the  shape  of  a  diagram,  but  remain  satisfied  to  express  my  belief,  that 
all  we  can  really  do  is,  at  best,  to  offer  imperfect  translations  in  human  language 
of  the  profound  thoughts,  the  innumerable  relations,  the  unfathomable  meaning  of 
the  plan  actually  manifested  in  the  natural  objects  themselves;  and  I  should  con- 
sider it  as  my  highest  reward  should  I  find,  after  a  number  of  years,  that  I  had 
helped  others  on  in  the  right  path. 

1  See  Chap.  L,  Sect.  1,  p.  7-9. 
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SECTION  IX. 

CONCLUSIONS. 

The  importance  of  such  an  investigation  as  the  preceding,  must  be  obvious  to 
every  philosophical  investigator.  As  soon  as  it  is  understood  that  all  the  different 
groups  introduced  into  a  natural  system  may  have  a  definite  meaning;  as  soon 
as  it  can  be  shown  that  each  exhibits  a  definite  relation  among  living  beings, 
founded  in  nature,  and  no  more  subject  to  arbitrary  modifications  than  any  other 
law  expressing  natural  phenomena;  as  soon  as  it  is  made  plain  that  the  natural 
limits  of  all  these  groups  may  be  ascertained  by  careful  investigations,  the  interest 
in  the  study  of  classification  or  the  systematic  relationship  existing  among  all 
organized  beings,  which  has  almost  ceased  to  engage  the  attention  of  the  more 
careful  original  investigators,  will  be  revived,  and  the  manifold  ties  which  link 
together  all  animals  and  plants,  as  the  living  expression  of  a  gigantic  conception, 
carried  out  in  the  course  of  time,  like  a  soul-breathing  epos,  will  be  scrutinized 
anew,  determined  with  greater  precision,  and  expressed  with  increasing  clearness 
and  propriety.  Fanciful  and  artificial  classifications  will  gradually  lose  their  hold 
upon  a  better  informed  community;  scientific  men  themselves  will  be  restrained 
from  bringing  forward  immature  and  premature  investigations;  no  characteristics  of 
new  species  will  have  a  claim  upon  the  notice  of  the  learned,  which  has  not  been 
fully  investigated  and  compared  with  those  most  closely  allied  to  it;  no  genus 
will  be  admitted,  the  structural  peculiarities  of  which  arc  not  clearly  and  distinctly 
illustrated ;  no  family  will  be  considered  as  well  founded,  which  shall  not  exhibit 
a  distinct  system  of  forms  intimately  combined  and  determined  by  structural  rela- 
tions; no  order  will  appear  admissible,  which  shall  not  represent  a  well-marked 
degree  of  structural  complication;  no  class  will  deserve  that  name,  which  shall 
not  appear  as  a  distinct  and  independent  expression  of  some  general  plan  of  struc- 
ture, carried  out  in  a  peculiar  way  and  with  peculiar  means;  no  type  will  be 
recognized  as  one  of  the  fundamental  groups  of  the  animal  kingdom,  which  shall 
not  exhibit  a  plan  of  its  own,  not  convertible  into  another.  No  naturalist  will 
be  justified  in  introducing  any  one  of  these  groups  into  our  systems  without  show- 
ing: 1st,  that  it  is  a  natural  group;  2d,  that  it  is  a  group  of  this  or  that  kind, 
to  avoid,  henceforth,  calling  families  groups  that  may  be  genera,  families  groups  that 
may  be  orders,  classes  or  types  groups  that  may  be  orders  or  classes;  3d,  that  the 
characters  by  which  these  groups  may  be  recognized  are  in  fact  respectively  specific, 
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generic,  family,  ordinal,  classic,  or  typical  characters,  so  that  our  works  shall  no 
longer  exhibit  the  annoying  confusion,  which  is  to  be  met  almost  everywhere,  of 
generic  characters  in  the  diagnoses  of  species,  or  of  family  and  ordinal  characters 
in  the  characteristics  of  classes  and  types.1 

It  may  perhaps  be  said,  that  all  this  will  not  render  the  study  of  Zoology 
more  easy.  I  do  not  expect  that  it  will;  but  if  an  attentive  consideration  of  what 
I  have  stated  in  the  preceding  pages  respecting  classification,  should  lead  to  a 
more  accurate  investigation  of  all  the  different  relations  existing  among  animals, 
and  between  them  and  the  world  in  which  they  live,  I  shall  consider  myself 
as  having  fully  succeeded  in  the  object  I  have  hod  in  view  from  the  beginning, 
in  tills  inquiry.  Moreover,  it  is  high  time  that  certain  zoologists,  who  would  call 
themselves  investigators,  should  remember,  that  natural  objects,  to  be  fully  under- 
stood, require  more  than  a  passing  glance;  they  should  imitate  the  example  of 
astronomers,  who  have  not  become  tired  of  looking  into  the  relations  of  the  few 
members  of  our  solar  system  to  determine,  with  increased  precision,  their  motions, 
their  size,  their  physical  constitution,  and  keep  in  mind  that  every  organized 
being,  however  simple  in  its  structure,  presents  to  our  appreciation  far  more  com- 
plicated phenomena,  within  our  reach,  than  all  the  celestial  bodies  put  together; 
they  should  remember,  that  as  the  great  literary  productions  of  post  ages  attract 
ever  anew  the  attention  of  scholars,  who  can  never  feel  that  they  have  exhausted 
the  inquiry  into  their  depth  and  beauty,  so  the  living  works  of  God,  which  it  is 
the  proper  sphere  of  Zoology  to  study,  would  never  cease  to  present  new  attractions 
to  them,  should  they  proceed  to  the  investigation  with  the  right  spirit  Their 
studies  ought,  indeed,  inspire  every  one  with  due  reverence  and  admiration  for  Buch 
wonderful  productions. 

The  subject  of  classification  in  particular,  which  seems  to  embrace  apparently 
so  limited  a  field  in  the  science  of  animals,  cannot  be  rightly  and  fully  under- 
stood without  a  comprehensive  knowledge  of  all  the  topics  alluded  to  in  the 
preceding  pages. 


1  A*  I  do  not  wish  to  be  personal,  I  will  refrain 
from  quoting  examples  to  justify  this  assertion.  I 
would  only  request  those  who  care  to  be  accurate,  to 
examine  critically  almost  any  description  of  species, 


any  characterization  of  genera,  of  families,  of  orders, 
of  classes,  and  of  types,  to  satisfy  themselves  that 
characters  of  the  same  kind  are  introduced  almost 
indiscriminately  to  distinguish  all  these  groups. 
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SECTION  I. 
GENERAL  REMARKS  UPON  MODERN  SYSTEMS. 

Witiiout  attempting  to  give  an  historical  account  of  the  leading  features  of  all 
zoological  systems,  it  is  proper  that  I  should  here  compare  critically  the  practice 
of  modern  naturalists  with  the  principles  discussed  ahove.  With  this  view,  it 
would  hardly  be  necessary  to  go  back  beyond  the  publication  of  the  "Animal 
Kingdom,"  by  Cuvier,  were  it  not  that  Cuvier  is  still  represented,  by  many  naturalists, 
and  especially  by  Ehrenberg,1  and  some  other  German  zoologists,  as  favoring  the 
division  of  the  whole  animal  kingdom  into  two  great  groups,  one  containing  the 
Vertebrates,  and  the  other  all  the  remaining  classes,  under  the  name  of  Inverte- 
brates, while  in  reality  it  was  he,  who  first,  dismissing  his  own  earlier  views, 
introduced  into  the  classification  of  the  animal  kingdom  that  fourfold  division  which 
has  been  the  basis  of  all  improvements  in  modern  Zoology.  He  first  showed  that 
animals  differ,  not  only  by  modifications  of  one  and  the  same  organic  structure, 
but  are  constructed  upon  four  different  plans  of  structure,  forming  natural,  distinct 
groups,  which  he  called  Radiata,  Articulata,  Mollusca,  and  Vertebrata. 

It  is  true,  that  the  further  subdivisions  of  these  leading  groups  have  under- 
gone many  changes  since  the  publication  of  the  "Regno  Animal."  Many  smaller 
groups,  even  entire  classes,  have  been  removed  from  one  of  his  "  embranchments " 
to  another;  but  it  is  equally  true,  that  the  characteristic  idea  which  lies  at  the 
bottom  of  these  great  divisions  was  first  recognized  by  him,  the  greatest  zoologist 
of  all  times. 

»  Ehbkkbkbo,  (C.  C)  Die  CoralknUuere  de«  rothen  Mecres,  Berlin,  1834,  4to^  p.  80. 
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The  question  which  I  would  examine  here  in  particular,  is  not  whether  the 
circumscription  of  these  great  groups  was  accurately  defined  by  Cuvier,  whether 
the  minor  groups  referred  to  them  truly  belong  there  or  elsewhere,  nor  how  far 
these  divisions  may  be  improved  within  their  respective  limits,  but  whether  there 
are  four  great  fundamental  groups  in  the  animal  kingdom,  based  upon  four  differ- 
ent plans  of  structure,  and  neither  more  nor  less  than  four.  This  question  is 
very  seasonable,  since  modern  zoologists,  and  especially  Siebold,  Leuckart,  and  Vogt 
have  proposed  combinations  of  the  classes  of  the  animal  kingdom  into  higher  groups, 
differing  essentially  from  those  of  Cuvier.  It  is  but  justice  to  Leuckart  to  say 
that  he  has  exhibited,  in  the  discussion  of  this  subject,  an  acquaintance  with  the 
whole  range  of  Invertebrata,1  which  demands  a  careful  consideration  of  the  changes 
he  proposes,  as  they  are  based  upon  a  critical  discrimination  of  differences  of  great 
value,  though  I  think  he  overrates  their  importance.  The  modifications  intro- 
duced by  Vogt,  on  the  contrary,  appear  to  me  to  be  based  upon  entirely  unphysio- 
logical  principles,  though  seemingly  borrowed  from  that  all  important  guide,  Em- 
bryology. 

The  divisions  adopted  by  Leuckart  are:  Protozoa,  (though  he  does  not  enter 
upon  an  elaborate  consideration  of  that  group,)  Coelenterata,  Echinodermata,  Vermes, 
Arthropod*,  Mollusca,  and  Vertebrato.  The  classification  adopted,  many  years  before, 
by  Siebold,  in  his  text-book  of  comparative  anatomy,  is  nearly  the  same,  except 
that  MoUusks  follow  the  Worms,  that  Coelenterata  and  Echinoderms  are  united 
into  one  group,  and  that  the  Bryozoa  arc  left  among  the  Polyps. 

Here  we  have  a  real  improvement  upon  the  classification  of  Cuvier,  inasmuch 
as  the  Worms  are  removed  from  among  the  Radiates,  and  brought  nearer  the 
Arthropods,  an  improvement  however,  which,  so  far  as  it  is  correct,  has  already 
been  anticipated  by  many  naturalists,  since  Blainville  and  other  zoologists  long 
ago  felt  the  impropriety  of  allowing  them  to  remain  among  Radiates,  and  have 
been  induced  to  associate  them  more  or  less  closely  with  Articulates.  But  I 
believe  the  union  of  Bryozoa  and  Rotifera  with  the  Worms,  proposed  by  Leuckart, 
to  be  a  great  mistake;  as  to  the  separation  of  Coelenterata  from  Echinoderms,  I 
consider  it  as  an  exaggeration  of  the  difference  which  exists  between  Polyps  and 
Acalephs  on  the  one  hand,  and  Echinoderms  on  the  other. 

The  fundamental  groups  adopted  by  Vogt,1  are :  Protozoa,  Radiato,  Vermes,  Mol- 
lusca, Cephalopoda,  Articulata,  and  Vertebrata,  an  arrangement  which  is  based  solely 
upon  the  relations  of  the  embryo  to  the  yolk,  or  the  absence  of  eggs.    But,  as 

1  Leickaet,  (R.,)  Ueberdie  Morphologie  und  die  1  Vogt,  (Caul,)  Zoologiachc  Bricfc.  Naturge- 

Vcrwandt  shaft* verhaliniiwe  der  wirbelloaen  Thiere,  echichte  dcr  lebervden  und  untergegangenen  Thiere. 
Braunschweig,  1848,  1  vol.,  8vo.  Frankfurt  a.  M.,  1851 ;  vol.  1,  p.  70. 
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I  have  already  stated,  this  is  an  entirely  unphysiological  principle,  inasmuch  as  it 
assumes  a  contrast  between  the  yolk  and  the  embryo,  within  limits  which  do  not 
exist  in  nature.  The  Mammalia,  for  instance,  which  are  placed,  like  all  other  Vertc- 
brata,  in  the  category  of  the  animals  in  which  there  is  an  opposition  between  the 
embryo  and  the  yolk,  are  as  much  formed  of  the  whole  yolk  as  the  Echinoderms 
or  Mollusks.  The  yolk  undergoes  a  complete  segmentation  in  Mammalia,  as  well  as 
in  Radiates  or  Worms,  and  most  Mollusks;  and  the  embryo  when  it  makes  its 
appearance  no  more  stands  out  from  the  yolk,  than  the  little  Starfish  stands 
out  from  its  yolk.  These  simple  facts,  known  since  Sars  and  Bischoff  published 
their  first  observations,  twenty  years  ago,  is  in  itself  sufficient  to  show  that  the 
whole  principle  of  classification  of  Vogt  is  radically  wrong. 

Respecting  the  assertion,  that  neither  Infusoria  nor  Rhizopoda  produce  any  eggs, 
I  shall  have  more  to  say  presently.  As  to  the  arrangement  of  the  leading  groups, 
Vertebrata,  Articulata,  Cephalopoda,  Mollusca,  Vermes,  Radiata,  and  Protozoa  in 
Vogt's  system,  it  must  be  apparent  to  every  zoologist  conversant  with  the  natural 
affinities  of  animals,  that  a  classification  which  interposes  the  whole  series  of  Mollusks 
between  the  types  of  Articulata  and  Worms,  cannot  be  correct  A  classification 
based,  like  this,  solely  upon  the  changes  which  the  yolk  undergoes,  is  not  likely 
to  be  the  natural  expression  of  the  manifold  relations  existing  between  all  animals. 
Indeed,  no  system  can  be  true  to  nature,  which  is  based  upon  the  consideration 
of  a  single  part,  or  a  single  organ. 

After  these  general  remarks,  I  have  only  to  show  more  in  detail,  why  I  believe 
that  there  are  only  four  great  fundamental  groups  in  the  animal  kingdom,  neither 
more  nor  less. 

With  reference  to  Protozoa,  first,  it  must  be  acknowledged  that,  notwithstanding 
the  extensive  investigation  of  modem  writers  upon  Infusoria  and  Rhizopoda,  the 
true  nature  of  these  beings  is  still  very  little  known.  The  Rhizopoda  have  been 
wandering  from  one  end  of  the  series  of  Invertebrata  to  the  other,  without  finding 
a  place  generally  acknowledged  as  expressing  their  true  affinities.  The  attempt 
to  separate  them  from  all  the  classes  with  which  they  have  been  so  long  associated, 
and  to  place  them  with  the  Infusoria  in  one  distinct  branch,  appears  to  me  as 
mistaken  as  any  of  the  former  arrangements,  for  I  do  not  even  consider  that  their 
animal  nature  is  yet  proved  beyond  a  doubt,  though  I  have  myself  once  sug- 
gested the  possibility  of  a  definite  relation  between  them  and  the  lowest  Gaste- 
ropods.  Since  it  has  been  satisfactorily  ascertained  that  the  Corallines  are  genuine 
Algae,  which  contain  more  or  less  lime  in  their  structure,  and  since  there  is  hardly 
any  group  among  the  lower  animals  and  lower  plants,  which  does  not  contain 
simple  locomotive  individuals,  as  well  as  compound  communities,  either  free  or  adher- 
ing to  the  soil,  I  do  not  see  that  the  facts  known  at  present  preclude  the  possibility 
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of  an  association  of  the  Rhizopods  with  the  Algte.1  This  would  almost  seem  natural, 
when  we  consider  that  the  vesicles  of  many  Fuci  contain  a  viscid,  filamentous 
substance,  so  similar  to  that  protruded  from  the  body  of  the  Rhizopods,  that  the 
most  careful  microscopic  examination  docs  not  disclose  the  slightest  difference  in  its 
structure  from  that  which  mainly  forms  the  body  of  Rhizopods.  The  discovery 
by  Schultze*  of  what  he  considers  as  the  germinal  granules  of  these  beings,  by  no 
means  settles  this  question,  though  we  have  similar  ovoid  masses  in  Alga},  and 
though,  among  the  latter,  locomotive  forms  are  also  very  numerous. 

With  reference  to  the  Infusoria,  I  have  long  since  expressed  my  conviction  that 
they  are  an  unnatural  combination  of  the  most  heterogeneous  beings.  A  large 
number  of  them,  the  DesmidietB  and  Volvocime,  are  locomotive  Algce.  Indeed, 
recent  investigations  seem  to  have  established  beyond  all  question,  the  fact,  that 
all  the  Infusoria  Anentera  of  Ehrenberg  are  Alga).  The  Enterodela,  however,  are 
true  animals,  but  belong  to  two  very  distinct  types,  for  the  Vorticellidro  differ 
entirely  from  all  others.  Indeed,  they  are,  in  my  opinion,  the  only  independent 
animals  of  that  group,  and  so  far  from  having  any  natural  affinity  with  the  other 
Enterodela,  I  do  not  doubt  that  their  true  place  is  by  the  side  of  Bryozoa, 
among  Mollusks,  as  1  shall  attempt  to  show  presently.  Isolated  observations  which 
I  have  been  able  to  make  upon  Paramecium,  Opalina,  and  the  like,  seem  to  me 
sufficient  to  justify  the  assumption  that  they  disclose  the  true  nature  of  the 
bulk  of  this  group.  I  have  seen,  for  instance,  a  Planaria  lay  eggs  out  of  which 
Paramecium  were  born,  which  underwent  all  the  changes  these  animals  are  known  to 
undergo  up  to  the  time  of  their  contraction  into  a  chrysalis  state ;  while  the  Opalina 
is  hatched  from  Distoma  eggs.  I  shall  publish  the  details  of  these  observations 
on  another  occasion.  But  if  it  can  be  shown  that  two  such  types  as  Paramecium 
and  Opalina  are  the  progeny  of  Worms,  it  seems  to  me  to  follow,  that  all  the 
Enterodela,  with  the  exception  of  the  VorticeUidaB,  must  be  considered  as  the 
embryonic  condition  of  that  host  of  Worms,  both  parasitic  and  free,  the  meta- 
morphosis of  which  is  still  unstudied.  In  this  connection,  I  might  further  remark, 
that  the  time  is  not  long  past  when  Cercaria  was  also  considered  as  belonging 
to  the  class  of  Infusoria,  though  at  present  no  one  doubts  that  it  belongs  to 
the  cycle  of  Distoma;  and  the  only  link  in  the  metamorphosis  of  that  genus  which 
was  not  known  is  now  supplied,  since,  as  I  have  stated  above,  the  embryo  which 
is  hatched  from  the  egg  laid  by  the  perfect  Distoma  is  found  to  be  Opalina, 

All  this  leads  to  the  conclusion,  that  a  division  of  the  animal  kingdom  to  be 
called  Protozoa,  differing  from  all  other  animals  in  producing  no  eggs,  does  not 
exist  in  nature,  and  that  the  beings  which  have  been  referred  to  it  have  now 


'  Comp.  Chop.  I,  Sect.  18,  p.  75. 


*  Schiltzk,  (M.  S.,)  Polythalamien,  q.  a. ;  p.  24. 
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to  be  divided,  and  scattered,  partly  among  plants,  in  the  class  of  Algss,  and  partly 
among  animals,  in  the  classes  of  Acephala,  ( VorticellaB,)  of  Worms,  (Paramecium  and 
Opalina,)  and  of  Crustacea  (Rotifera);  Vorticellae  being  genuine  Bryozoa  and  there- 
fore Acephalous  Mollusks,  while  the  beautiful  investigations  of  Dana  and  Leydig 
have  proved  the  Rotifera  to  be  genuine  Crustacea,  and  not  Worms. 

The  great  type  of  Radiata,  taking  its  leading  features  only,  was  first  recognized 
by  Cuvier,  though  he  associated  with  it  many  animals  which  do  not  properly 
belong  to  it  This  arose  partly  from  the  imperfect  knowledge  of  those  animals 
at  the  time,  but  partly  also  from  the  fact  that  he  allowed  himself,  in  this  instance, 
to  deviate  from  his  own  principle  of  classification,  according  to  which  types  are 
founded  upon  special  plans  of  structure.  With  reference  to  Radiata,  he  departed, 
indeed,  from  this  view,  so  far  as  to  admit,  besides  the  consideration  of  their  peculiar 
plan,  the  element  of  simplicity  of  their  structure  as  an  essential  feature  in  the 
typical  character  of  these  animals,  in  consequence  of  which  he  introduced  five  classes 
among  Radiata:  the  Echinoderms,  Intestinal  Worms,  Acalephs,  Polypi,  and  Infusoria. 
In  opposition  to  this  unnatural  association,  I  need  not  repeat  here,  what  I  have 
already  stated  of  the  Infusoria,  when  considering  the  case  of  Protozoa;  neither  is  it 
necessary  to  urge  again  the  propriety  of  removing  the  Worms  from  among  Radiata, 
and  connecting  them  with  Articulata.  There  would  thus  remain  only  three  classes 
among  Radiates,  —  Polypi,  Acalephs,  and  Echinoderms,  —  which,  in  my  opinion,  con- 
stitute really  three  natural  classes  in  this  great  division,  inasmuch  as  they  exhibit 
the  three  different  ways  in  which  the  characteristic  plan  of  the  type,  radiation, 
is  carried  out,  in  distinct  structure* 

Since  it  can  be  shown  that  Echinoderms  are,  in  a  general  way,  homologous 
in  their  structure  with  Acalephs  and  Polypi,  it  must  be  admitted  that  these  classes 
belong  to  one  and  the  same  great  type,  and  that  they  are  the  only  representa- 
tives of  the  branch  of  Radiata,  assuming  of  course  that  Bryozoa,  Corallinse,  Sponges, 
and  all  other  foreign  admixtures  have  been  removed  from  among  Polyps.  Now, 
it  is  this  Cuvierian  type  of  Radiata,  thus  freed  of  all  its  heterogeneous  elements, 
which  Lcuckart  undertakes  to  divide  into  two  branches,  each  of  which  he  considers 
coequal  with  Worms,  Articulates,  Mollusks,  and  Vertebrates.  He  was  undoubtedly 
led  to  this  exaggeration  of  the  difference  existing  between  Echinoderms  on  one 
side  and  Acalephs  and  Polypi  on  the  other,  by  the  apparently  greater  resemblance 
of  Medusae  and  Polypi,1  and  perhaps  still  more  by  the  fact,  that  so  many  genuine 
Acalephs,  such  as  the  Hydroids,  including  Tubularia,  Sertularia,  Campanularia,  etc, 
are  still  comprised  by  most  zoologists  in  the  class  of  Polypi. 

1  We  nee  here  clearly  how  the  consideration  of  overridden  the  primary  feature  of  branches  their 
anatomical  differences  which  characterise  classes  has       plan,  to  exalt  a  class  to  the  rank  of  a  branch. 
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But  since  the  admirable  investigations  of  J.  Miiller  have  made  us  familiar  with 
the  extraordinary  metamorphosis  of  Echinoderms,  and  since  the  Ctenophora  and 
the  Siphonophorae  have  also  been  more  carefully  studied  by  Grube,  Leuckart, 
Kiilliker,  Vogt,  Gegenbaur,  and  myself,  the  distance  which  seemed  to  separate  Echino- 
derms from  Acalephs  disappears  entirely,  for  it  is  no  exaggeration  to  say,  that 
were  the  Plutcus-like  forms  of  Echinoderms  not  known  to  be  an  early  stage  in 
the  transformation  of  Echinoderms,  they  would  find  as  natural  a  place  among 
Ctenophonc,  as  the  larva)  of  Insects  among  Worms.  I  therefore  maintain,  that 
Polypi,  Acalephs,  and  Echinoderms  constitute  one  indivisible  primary  group  of  the 
animal  kingdom.  The  Polypoid  character  of  young  Medusa)  proves  this  as  plainly 
as  the  Medusoid  character  of  young  Echinoderms. 

Further,  nothing  can  be  more  unnatural  than  the  transfer  of  CtenophorsB  to 
the  type  of  Mollusks  which  Vogt  has  proposed,  for  Ctenophoras  exhibit  the  closest 
homology  with  the  other  Medusae,  as  I  have  shown  in  my  paper  on  the  Beroid 
Medusa)  of  Massachusetts.  The  Ctenophoroid  character  of  young  Echinoderms 
establishes  a  second  connection  between  Ctenophorte  and  the  other  Radiata,  of  as 
great  importance  as  the  first  We  have  thus  an  anatomical  link  to  connect  the 
Ctenophorae  with  the  genuine  Medusae,  and  an  embryological  link  to  connect  them 
with  the  Echinoderms. 

The  classification  of  Radiata  may,  therefore,  stand  thus :  — 

1st  Class:  Polypi;  including  two  orders,  the  Actinoids  and  the  Holcyo- 
noids,  as  limited  by  Dana. 

2d  Class:  Acalephae;  with  the  following  orders:  Hydroids,  (including  Sipho- 
nophora?,)  Discophorse,  and  Ctenophorae. 

3d  Class:  Echinoderms;  with  Crinoids,  Asteroids,  Echinoids,  and  Holothu- 
rioids,  as  orders. 

The  natural  limits  of  the  branch  of  Mollusks  are  easily  determined.  Since  the 
Cirripeds  have  been  removed  to  the  branch  of  Articulata,  naturalists  have  generally 
agreed  to  consider,  with  Cuvicr,  the  Cephalopoda,  Pteropods,  Gasteropods,  and 
Acephala  as  forming  the  bulk  of  this  type,  and  the  discrepancies  between  modern 
investigators  have  mainly  resulted  from  the  views  they  have  taken  respecting  the 
Bryozoa,  which  some  consider  still  as  Polyps,  while  others  would  unite  them  with 
the  Worms,  though  their  affinity  with  the  Mollusks  seems  to  me  to  have  been 
clearly  demonstrated  by  the  investigations  of  Milne-Edwards.  Vogt  is  the  only 
naturalist  who  considers  the  Cephalopoda  "as  built  upon  a  plan  entirely  peculiar;1 
though  he  does  not  show  in  what  this  peculiarity  of  plan  consists,  but  only  mentions 
the  well-known  anatomical  differences  which  distinguish  them  from  the  other  classes 

1  Voot,  (C,)  Zoologische  Bricfe,  q.  a.  j  toL  1,  p.  361. 
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of  the  branch  of  Mollusks.  These  differences,  however,  constitute  only  class  charac- 
ters and  exhibit  in  no  way  a  different  plan.  It  is,  indeed,  by  no  means  difficult 
to  homologize  all  the  systems  of  organs  of  the  Cephalopods  with  those  of  the 
other  Mollusks,  and  with  this  evidence,  the  proof  is  also  furnished  that  the  Cepha- 
lopods constitute  only  a  class  among  the  Mollusks. 

As  to  the  differences  in  the  development  of  the  Cephalopods  and  the  other 
Mollusks,  the  type  of  Vertebrata  teaches  us  that  partial  and  total  segmentation 
of  the  yolk  are  not  inconsistent  with  unity  of  type,  as  the  eggs  of  Mammalia  and 
Cyclostomata  undergo  a  total  segmentation,  while  the  process  of  segmentation  is 
more  or  less  limited  in  the  other  classes.  In  Birds,  Reptiles,  and  Selachians,  the 
segmentation  is  only  superficial;  in  Batrachians,  and  most  Fishes,  it  is  much  deeper; 
and  yet  no  one  would  venture  to  separate  the  Vertebrata  into  several  distinct 
branches  on  that  account  With  reference  to  Bryozoa,  there  can  be  no  doubt, 
that  their  association  with  Polypi  or  with  Worms  is  contrary  to  their  natural 
affinities.  The  plan  of  their  structure  is  in  no  way  radiate;  it  is,  on  the  con- 
trary, distinctly  and  essentially  bilateral;  and  as  soon  as  their  close  affinities  with 
the  Brachiopods,  alluded  to  above,1  are  fully  understood,  no  doubt  will  remain  of 
their  true  relation  to  Mollusks.  As  it  is  not  within  the  limits  of  my  plan  to 
illustrate  here  the  characters  of  all  the  classes  of  the  animal  kingdom,  I  will  only 
state  further,  that  the  branch  of  Mollusks  appears  to  me  to  contain  only  three 
classes,  as  follows:  — 

1st  Class:  Acephala;  with  four  orders,  Bryozoa,  including  the  Vorticelkc,  Bra- 
chiopods, Tunicate,  and  Lamcllibranchiata. 

2d  Class:  Gasteropoda;  with  three  orders,  Pteropoda,  Heteropoda,  and  Gas- 
teropoda proper. 

3d  Class:  Cephalopoda;  with  two  orders,  Tetrabranchiata  and  Dibranchiata. 

The  most  objectionable  modification  introduced  in  the  general  classification  of 
the  animal  kingdom,  since  the  appearance  of  Cuvier's  Regne  Animal,  seems  to 
me  to  be  the  establishment  of  a  distinct  branch,  now  very  generally  admitted 
under  the  name  of  Vermes,  including  the  Annulate,  the  Helminths,  the  Rotifero, 
and  as  Leuckardt  would  have  it,  the  Bryozoa  also.  It  was  certainly  an  improve- 
ment upon  Cuvier's  system,  to  remove  the  Helminths  from  the  type  of  Radiates, 
but  it  was  at  the  same  time  as  truly  a  retrograde  step  to  separate  the  Annelides 
from  the  branch  of  Articulate.  The  most  minute  comparison  does  not  lead  to  the 
discovery  of  a  distinct  plan  of  structure,  uniting  all  these  animals  into  one  natural 
primary  group.  What  holds  them  together  and  keeps  them  at  a  distance*  from 
other  groups  is  not  a  common  plan  of  structure,  but  a  greater  simplicity  in  their 

>  Chap.  L,  Sect.  18,  p.  72.  »  Chap.  II.,  Sect  7,  p.  171,  172. 
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organization.1  In  bringing  these  animals  together,  naturalists  make  again  the  same 
mistake  which  Cuvier  committed,  when  he  associated  the  Helminths  with  the 
Radiates,  only  in  another  way  and  upon  a  greater  scale.1  The  Bryozoa  are  as  it 
were  depauperated  Mollusks,  as  Aphanes  and  Alchemilla  are  depauperated  Rosaceie. 
Rotifera  are  in  the  same  sense  the  lowest  Crustacea;  while  Helminths  and  Annelides 
constitute  together  the  lowest  class  of  Articulata.  This  class  is  connected  by  the 
closest  homology  with  the  larval  states  of  Insects;  the  plan  of  their  structure  is 
identical,  and  there  exists  between  them  only  such  structural  differences  as  con- 
stitute classes.1  Moreover,  the  Helminths  are  linked  to  the  Annelides  in  the  same 
manner  as  the  apodal  larvae  of  Insects  are  to  the  most  highly  organized  cater- 
pillars. It  may  truly  be  said  that  the  class  of  Worms  represents,  in  perfect  animals, 
the  embryonic  states  of  the  higher  Articulata.  The  two  other  classes  of  this 
branch  are  the  Crustacea  and  the  Insects,  respecting  the  limits  of  which,  as  much 
has  already  been  said  above,*  as  is  necessary  to  state  here. 

The  classification  of  the  branch  of  Articulata  may,  therefore,  stand  thus:  — 

1st  Class:  Worms;  with  three  orders,  Trematods,  (including  Cestods,  Planarise, 
and  Leeches,)  Nematoids,  (including  Acanthocephala  and  Gordiacei,)  and  Annelides. 

2d  Class:  Crustacea;  with  four  orders,  Rotifera,  Eutomostraca,  (including 
Cirripeds,)  Tetradecapods,  and  Decapods. 

3d  Class:  Insects;  with  three  orders,  Myriapods,  Arachnids,  and  Insects 
proper. 

There  is  not  a  dissenting  voice  among  anatomists  respecting  the  natural  limits 
of  the  Vertebrata,  as  a  branch  of  the  animal  kingdom.  Their  character,  however, 
does  not  so  much  consist  in  the  structure  of  their  backbone  or  the  presence  of 
a  dorsal  cord,  as  in  the  general  plan  of  that  structure,  which  exhibits  a  cavity 
above  and  a  cavity  below  a  solid  axis.  These  two  cavities  are  circumscribed  by 
complicated  arches,  arising  from  the  axis,  which  are  made  up  of  different  systems 
of  organs,  the  skeleton,  the  muscles,  vessels,  and  nerves,  and  include,  the  upper 
one  the  centres  of  the  nervous  system,  the  lower  one  the  different  systems  of 
organs  by  which  assimilation  and  reproduction  are  carried  on. 

The  number  and  limits  of  the  classes  of  this  branch  are  not  yet  satisfactorily 
ascertained.  At  least,  naturalists  do  not  all  agree  about  them.  For  my  part,  I 
believe  that  the  Marsupialia  cannot  be  separated  from  the  Placental  Mammalia, 
as  a  distinct  class,  since  we  observe,  within  the  limits  of  another  type  of  Verte- 
brata, the  Selachians,  which  cannot  be  subdivided  into  classes,  similar  differences  in 
the  mode  of  development  to  those  which  exist  between  the  Marsupials  and  the  other 

>  See  above,  Chap.  L,  Seel.  18,  p.  71-78.  *  Compare  Clwp.  II.,  Sect.  2,  p.  145. 

•  Compare  Chap.  II.,  Sect.  1,  p.  142.  «  Compare  Chap.  I.,  Sect.  18,  p.  78-80. 
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Mammalia.  But  I  hold,  at  the  same  time,  with  other  naturalists,  that  the  Batrachia 
must  be  separated,  as  a  class,  from  the  true  Reptiles,  as  the  characters  which  distin- 
guish them  nre  of  the  kind  upon  which  classes  are  founded.  T  am  also  satisfied 
that  the  differences  which  exist  between  the  Selachians,  (the  Skates,  Sharks,  and 
Orimaffe,)  are  of  the  same  kind  as  those  which  distinguish  the  Amphibians  from 
the  Reptiles  proper,  and  justify,  therefore,  their  separation,  as  a  class,  from  the 
Fishes  proper.  I  consider  also  the  Cyclostomes  as  a  distinct  class,  for  similar 
reasons;  but  I  am  still  doubtful  whether  the  Ganoids  should  be  separated  also  from 
the  ordinary  Fishes.  This,  however,  cannot  be  decided  until  their  embryologieal 
development  has  been  thoroughly  investigated,  though  I  have  already  collected  data 
which  favor  this  view  of  the  case.  Should  this  expectation  be  realized,  the  branch 
of  Vertcbrata  would  contain  the  following  classes:  — 

1st  Class :   Myzontes;  with  two  orders,  Myxinoids  and  Cyclostomes. 

2d    Class :   F  i  s  h  e  s  proper ;   frith  two  orders,  Ctenoids  and  Cvcloids. 

3d  Class :  Ganoids;  with  three  orders,  Coelacanths,  Acipeuseroids,  and  Sauroids ; 
and  doubtful,  the  Siluroids,  Plectognaths,  and  Lophobranches. 

4th  Class:   Selachians;  with  three  orders,  Chinuenc,  Galeodes,  and  Batides. 

5th  Class:   Amphibians;   with  three  orders,  Cecilia?,  Ichthyodi,  and  Anura. 

Oth  Class:  Reptiles;  with  four  orders,  Serpentes,  Saurii,  Rhizodontcs,  and 
Testudinata. 

7th  Class:  Birds;  with  four  orders,  Xatatores,  Gralhe,  Rasores,  and  Inscssores, 
(including  Scansores  and  Accipitres.) 

8th  Class:  Mammalia;  with  three  orders,  Marsupialia,  Ilerbivora,  and  Car- 
nivore. 

I  shall  avail  myself  of  an  early  opportunity  to  investigate  more  fully  how- 
far  these  groups  of  Vertcbrata  exhibit  such  characters  as  distinguish  classes,  and  I 
submit  my  present  impressions  upon  this  subject,  rather  as  suggestions  for  further 
researches,  than  as  matured  results. 


SECTION  II. 

EARLY  ATTEMPTS  TO  CLASSIFY  ANIMALS. 

So  few  American  naturalists  have  paid  special  attention  to  the  classification 
of  the  animal  kingdom  in  general,  that  I  deem  it  necessary  to  allude  to  the 
different  principles  which,  at  different  times,  have  guided  zoologists  in  their  attempts 
to  group  animals  according  to  their  natural  affinities.     This  will  appear  the  more 
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acceptable,  I  hope,  since  few  of  our  libraries  contain  even  the  leading  works  of 
our  science,  and  many  zealous  student*  are  thus  prevented  from  attempting  to  study 
what  has  thus  far  been  done. 

Science  has  begun,  in  the  introduction  of  names,  to  designate  natural  groups 
of  different  value  with  the  same  vagueness  which  still  prevails  in  ordinary  lan- 
guage in  the  use  of  class,  order,  genus,  family,  species;  taking  them  either  as 
synonyms  or  substituting  one  for  the  other  at  random.  Linnseus  was  the  first 
to  urge  upon  naturalists  precision  in  the  use  of  four  kinds  of  groups  in  natural 
history,  which  he  calls  classes,  orders,  genera,  and  species. 

Aristotle,  and  the  ancient  philosophers  generally,  distinguished  only  two  kinds 
of  groups  among  animals,  r'*°i  and  tlSot,  (genus  and  species.)  But  the  term  genus 
had  a  most  unequal  meaning,  applying  at  times  indiscriminately  to  any  extensive 
group  of  species,  and  designating  even  what  we  now  call  classes  as  well  as  any 
other  minor  group.  In  the  sense  of  class,  it  is  taken  in  the  following  case : 
Si  yt'roi,  0*0*  oQnOa,  xtu  ix<*it,  (Arist.  Hist  Anim..  Lib.  I.,  Chap.  I.,)  while  «8©»  is 
generally  used  for  species,  as  the  following  sentence  shows :  xai  tatm  itSy  nhiu  frtfi w 
mm  0Qri9nr,  though  it  has  occasionally  also  a  wider  meaning.  The  sixth  chapter  of 
the  same  book,  is  the  most  important  in  the  whole  work  of  Aristotle  upon  this 
subject,  as  it  shows  to  how  many  different  kinds  of  groups  the  term  is  applied. 
Here,  he  distinguishes  between  yittf  piyuna  and  r'"l  and  p'tot  shortly.    /Vw?  Si 

fttyuna  ri.ji  _\>u>»,  tii  it  SiaiQthai  raila  £ina,  xaS'  iatir  •  ft  fit*  OQMOm,  ft  S  ij[ilM»,  Solo  Si  xijtoiv- 
Milo  Si  yttot  t'ffri  to  tut  oargtotoStyftttr.  ....    Ttit  S*  Xotntot  S,.,wt  ovx  fart  ra  yt'tr;  fuydia  •  oi  yog 

a*<?'X"  h°U"  *"*f  *'   ta  8"  !x»  pit,  fOX  dnirvpa.    This  is  further  insisted  upon  anew : 

t«i  Si  7''™*  ">*  ineaxiSut  ^  xai  frxwdx*,  tfSn  pit  urn  nolla,  anmra  Si.  Here  e?K"  has 
evidently  a  wider  meaning  than  our  term  species,  and  the  accurate  Scaligcr  translates 
it  by  genus  medium,  in  contradistinction  to  yftof,  which  he  renders  by  genu*  summum. 
EiS<n,  however,  is  generally  used  in  the  same  sense  as  now,  and  Aristotle  already 
considers  fecundity  as  a  specific  character,  when  he  says,  of  the  Hemionos,  that 
it  is  called  so  from  its  likeness  to  the  Ass,  and  not  because  it  is  of  the  same 
species,  for  he  adds,  they  copulate   and   propagate   among  themselves:  at  xaloincu 

',»•'        St  ofioion/To,  mix  ovatu  wthfc  to  *M  tldoi  •  xtu  ;  «t.  »xrioniu  xai  ytttttnai  t|  all^lvt.  In 

another  passage  it  applies,  however,  to  a  group  exactly  identical  with  our  modern 

genus  EqUUS:  imi  iarit  ft  tt  jnoi  xai  isti  toiV  /jfown  zorriyr,  loqwgoii  xalovut'toti,  ofot  Inny  xai 
ortfi  xai  OQti  xai  yittat  xai  tmo  xtu  toftf  it  2.u:i<s  xalovftt'taii  iinwwif. 


Aristotle  cannot  be  said  to  have  proposed  any  regular  classification.  He  speaks 
constantly  of  more  or  less  extensive  groups,  under  a  common  appellation,  evidently 
considering  them  as  natural  divisions;  but  he  nowhere  expresses  a  conviction  that 
these  groups  may  be  arranged  methodically  so  as  to  exhibit  the  natural  affinities 
of  animals.     Yet  he  frequently  introduces  his  remarks  respecting  different  animals 
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in  such  an  order  and  in  such  connections  as  clearly  to  indicate  that  he  knew  their 
relations.     When  speaking  of  Fishes,  for  instance,  he  never  includes  the  Selachians. 

After  Aristotle,  the  systematic  classification  of  animals  makes  no  progress  for 
two  thousand  years,  until  Linnaeus  introduces  new  distinctions  and  assigns  a  more 
precise  meaning  to  the  terms  class,  (gam*  sutnmum,)  order,  {genm  intermedium,)  genus, 
(genu*  pmriinum,)  and  species,  the  two  first  of  which  arc  introduced  by  him  for  the 
first  time  as  distinct  groups,  under  these  names,  in  the  system  of  Zoology. 


SECTION  III. 
HUDD  OF  :  ; n  vs.!  - 

When  looking  over  the  "Systema  Naturae"  of  Linnaeus,  taking  as  the  standard 
of  our  appreciation  even  the  twelfth  edition,  which  is  the  last  he  edited  himself, 
it  is  hardly  possible,  in  our  day,  to  realize  how  great  was  the  influence  of  that 
work  upon  the  progress  of  Zoology.1  And  yet  it  acted  like  magic  upon  the  age, 
and  stimulated  to  exertions  far  surpassing  any  thing  that  had  been  done  in  pre- 
ceding centuries.  Such  a  result  must  be  ascribed  partly  to  the  circumstance  that 
he  was  the  first  man  who  ever  conceived  distinctly  the  idea  of  expressing  in  a 
definite  form,  what  he  considered  to  be  a  system  of  nature,  and  partly  also  to 
the  great  comprehensiveness,  simplicity,  and  clearness  of  his  method.  Discarding 
in  his  system  every  thing  that  could  not  easily  be  ascertained,  he  for  the  first  time 
divided  the  animal  kingdom  into  distinct  classes,  characterized  by  definite  features; 
he  also  for  the  first  time  introduced  orders  into  the  system  of  Zoology  besides 
genera  and  species,  which  had  been  vaguely  distinguished  before*  And  though 
he  did  not  even  attempt  to  define  the  characteristics  of  these  different  kinds  of 
groups,  it  is  plain,  from  his  numerous  writings,  that  he  considered  them  all  as 
subdivisions  of  a  successively  more  limited  value,  embracing  a  larger  or  smaller 
number  of  animals,  agreeing  in  more  or  less  comprehensive  attributes.    He  expresses 


1  To  appreciate  correctly  the  successive  improve- 
ment.- of  the  classification  of  LinnaMis,  we  need  only 
com[»are  the  first  edition  of  the  "  Systema  Nature-," 
published  in  1735,  with  the  second,  published  in  1740, 
the  sixth  published  in  1748,  the  tenth  publi»hed  in 
1758,  and  the  twelfth  published  in  17C6,  as  they  are 
the  only  editions  he  revised  himself.  The  third  is 
only  a  reprint  of  the  first,  the  fourth  and  fifth  are 


reprints  of  the  second;  the  seventh,  eighth,  and  ninth 
are  reprint*  of  the  sixth  ;  the  eleventh  is  a  reprint  of 
the  tenth;  and  the  thirteenth,  published  after  his 
death,  by  Gmelin,  is  a  mere  compilation,  deserving 
little  confidence. 

*  See  above,  Sect.  2,  p.  188.  The  p'rjj  fttpma 
of  Aristotle  correspond,  however,  to  the  classes  of 
Linna-us ;  the  yt'ft]  fujdXa  to  his  orders. 
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his  views  of  these  relations  between  classes,  orders,  genera,  species,  and  varieties, 
by  comparisons,  in  the  following  manner:  — 1 

CUuri$.                   Ordo.  Genu*.  Sptciti.  Varietat. 

Genus  summum.       Genu*  intermedium.  Genua  proxinium.  Specie*.  Individuum. 

Provincial.              Terriloria.  Panada'.  Pagi.  Dumiciliuiu. 

Cohortes.  Manipuli.  Contubcmia. 


His  arrangement  of  the  animal  kingdom  is  presented  in  the  following  diagram, 
compiled  from  the  twelfth  edition,  published  in  1766. 

CLASSIFICATION  OF  I.INN.EUS. 

Cl.  1.  Mammalia.     Ord.   Primate*,  Bruta,  Few,  Glires,  Peeora,  Bellmr,  Cete. 

Cl.  2.  Ave*.     Ord.  Aecipitres,  Picas,  Ansere*,  Grullte,  Gallinw,  Passere*. 

Cl.  3.  Amphibia.     Ord.  Reptile*,  Serpentes,  Nantes. 

Cl.  4.  Pisces.     Ord.   Apode*,  Jugularea,  Thoracic!,  Abdominalcs. 

Cl.  5.  Insects.     Ord.   Colcoptcra,  Hcmiptcra,  Lcpidoptera,  Xeuroptcra,  Hymcnoptera,  Diptcra, 
Aptera. 

Cl.  6.  Vermes.     Ord.  Intestina,  Molluscs,  Tegtacea,  LithophytA,  Zoophyta. 


In  the  earher  editions,  up  to  the  tenth,  the  class  of  Mammalia  was  called 
Quadrupedia,  and  did  not  contain  the  Cetaceans,  which  were  still  included  among 
the  Fishes.  There  seems  never  to  have  existed  any  discrepancy  among  naturalists 
respecting  the  natural  limits  of  the  class  of  Birds,  since  it  was  first  characterized 
by  Linnaeus,  in  a  manner  which  excluded  the  Bats  and  referred  them  to  the  class 
of  Mammalia.  In  the  early  editions  of  the  "Systema  Nature,"  the  class  of  Reptiles 
embraces  the  same  animals  as  in  the  systems  of  the  most  recent  investigators; 
but  since  the  tenth  edition,  it  has  been  encumbered  with  the  addition  of  the 
cartilaginous  and  semicartilaginous  Fishes,  a  retrograde  movement  suggested  by  some 
inaccurate  observations  of  Dr.  Garden.  The  class  of  Fishes  is  very  well  limited 
in  the  early  editions  of  the  Systema,  with  the  exception  of  the  admission  of  the 
Cetaceans,  (Plagiuri,)  which  were  correctly  referred  to  the  class  of  Mammalia,  in 
the  tenth  edition.  In  the  later  editions,  however,  the  Cyclostoms,  Plogiostoms, 
Chimoera?,  Sturgeons,  Lophioids,  Discoboli,  Gymnodonts,  Scleroderms,  and  Lopho- 
brnnches  are  excluded  from  it  and  referred  to  the  class  of  Reptiles.  The  class 
of  Insects,1  as  limited  by  Linnaeus,  embraces  not  only  what  are  now  considered  as 


1  See  Systema  Nature,  12th  edit,  p.  13. 

*  Aristotle  divides  this  group  more  correctly  than 
Linna>u*,  aa  he  admit*  already  two  classes,  (firy 
lujtna)  among  them,  the  Malacostraca,  (Crustacea,) 
and  the  Entoma,  (Insect*.)    Hist  Anim.,  Chap.  VI. 


He  seems  also  to  have  understood  correctly  the 
natural  limits  of  the  classes  of  Mammalia  and  Rep- 
tiles, for  hu  distinguishes  the  Viviparous  and  Ovipa- 
rous Quadrupeds,  and  nowhere  confound*  Fishes  with 
Reptiles.  Ibid. 
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Insects  proper,  but  also  the  Myriapods,  the  Arachnids,  and  the  Crustacea;  it 
corresponds  more  accurately  to  the  division  of  Arthropoda  of  modern  m  stematists. 
The  class  of  Worms,  the  most  heterogeneous  of  all,  includes  besides  all  Kadiata 
or  Zoophytes  and  the  Mollusks  of  modern  writers,  also  the  Worms,  intestinal  and 
free,  the  Cirripods,  and  one  Fish,  (Myxine.)  It  was  left  for  Cuvier1  to  introduce 
order  in  this  chaos. 

Such  is,  with  its  excellences  and  short-comings,  the  classification  which  has  given 
the  most  unexpected  and  unprecedented  impulse  to  the  study  of  Zoology.  It  is 
useful  to  remember  how  lately  even  so  imperfect  a  performance  could  have  so 
great  an  influence  upon  the  progress  of  science,  in  order  to  understand  why  it  is 
still  possible  that  so  much  remains  to  be  done  in  systematic  Zoology.  Nothing, 
indeed,  can  be  more  instructive  to  the  student  of  Natural  History,  than  a  careful 
and  minute  comparison  of  the  different  editions  of  the  "Systema  Naturae"  of 
Linnaeus,  and  of  the  works  of  Cuvier  and  other  prominent  zoologists,  in  order  to 
detect  the  methods  by  which  real  progress  is  made  in  our  science. 

Since  the  publication  of  the  "Systema  Natune"  up  to  the  time  when  Cuvier 
published  the  results  of  his  anatomical  investigations,  all  the  attempts  at  new  classi- 
fications were,  after  all,  only  modifications  of  the  principles  introduced  by  Linnams 
in  the  systematic  arrangement  of  animals.  Even  his  opponents  labored  under  the 
influence  of  his  master  spirit,  and  a  critical  comparison  of  the  various  systems 
which  were  proposed  for  the  arrangement  of  single  classes  or  of  the  whole  animal 
kingdom  shows  that  they  were  framed  according  to  the  same  principles,  namely, 
under  the  impression  that  animals  were  to  be  arranged  together  into  classes,  orders, 
genera,  and  species,  according  to  their  more  or  less  close  external  resemblance. 
No  sooner,  however,  had  Cuvier  presented  to  the  scientific  world  his  extensive 
researches  into  the  internal  structure  of  the  whole  animal  kingdom,  than  naturalist* 
vied  with  one  another  in  their  attempts  to  remodel  the  whole  classification  of 
animals,  establishing  new  classes,  new  orders,  new  genera,  describing  new  species, 
and  introducing  all  manner  of  intermediate  divisions  and  subdivisions  under  the 
name  of  families,  tribes,  sections,  etc.  Foremost  in  these  attempt*  was  Cuvier 
himself,  and  next  to  him  Lamarck.  It  has,  however,  often  happened  that  the 
divisions  introduced  by  the  latter  under  new  names,  were  only  translations  into 
a  more  systematic  form  of  the  results  Cuvier  had  himself  obtained  from  his  dis- 
sections and  pointed  out  in  his  "  Lecons  sur  l'anatomie  compare*e,"  as  natural  divisions, 
but  without  giving  them  distinct  names.     Cuvier  himself  beautifully  expresses  the 


1  It  would  !>'■  injustice  to  Aristotle  not  to  mention 
that  he  understood  already  the  relations  of  the  animals 
united  ill  one  class  by  Linnaus,  under  the  name  of 
Worms,  better  than  the  great  Swedish  naturalist. 


Speaking,  for  instance,  of  the  great  genera  or  elasws, 
he  separates  correctly  the  Ccphalopod*  from  the 
other  MoUusk*,  under  the  name  of  Malakia.  HisU 
Anim.,  Lib.  I.,  Chap.  VL 
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influence  which  his  anatomical  investigations  had  upon  Zoology,  and  how  the 
improvements  in  classification  have  contributed  to  advance  comparative  anatomy, 
when  he  says,  in  the  preface  to  the  "Regne  Animal,"  page  vi.:  "Je  dus  done,  et 
cette  obligation  me  prit  un  temps  considerable,  je  dus  faire  marcher  de  front 
ranatomie  et  la  zoologie,  les  dissections  et  le  classement;  chercher  dans  mes  pre- 
mieres remarqucs  sur  l'organisation,  des  distributions  meilleures;  m'en  servir  pour 
arriver  a  des  remarqucs  nouvellcs;  employer  encore  ces  remarques  a  perfectionner 
les  distributions;  faire  sortir  enfin  de  cette  fecundation  mutuelle  des  deux  sciences 
l'une  par  l'autre,  un  systeme  zoologique  propre  a  servir  d '  introducteur  et  de  guide 
dans  le  champ  de  l'anatomie,  et  un  corps  de  doctrine  anatomique  propre  a  servir 
de  de*veloppement  et  d'explication  au  systeme  zoologique." 

Without  entering  into  a  detailed  account  of  all  that  was  done  in  this  period 
towards  improving  the  system  of  Zoology,  it  may  suffice  to  say,  that  before  the 
first  decade  of  this  century  had  passed,  more  than  twice  as  many  classes  as  Linmeus 
adopted  had  been  characterized  in  this  manner.  These  classes  are:  the  Molluwks, 
Cirripeds,  Crustacea,  Arachnids,  Annelids,  Entozoa,  (Intestinal  Worms,)  Zoophytes, 
Radiata,  Polyps,  and  Infusoria,  Cuvier1  admitted  at  first  only  eight  classes,  Dumeril1 
nine,  Lamarck*  eleven  and  afterwards  fourteen.  The  Cephalopoda,  Gasteropoda,  and 
Acephala,  first  so  named  by  Cuvier,  are  in  the  beginning  considered  by  him  as 
orders  only  in  the  class  of  Mollusks;  the  Echinoderms  also,  though  for  the  first 
time  circumscribed  by  him  within  their  natural  limits,  constitute  only  an  order  of 
the  class  of  Zoophytes,  not  to  speak  of  the  lowest  animals,  which,  from  want  of 
knowledge  of  their  internal  structure,  still  remain  in  great  confusion.  In  this  rapid 
sketch  of  the  farther  subdivisions  which  the  classes  Insecta  and  Worms  of  Linmeus 
have  undergone  under  the  influence  of  Cuvier,  I  have  not,  of  course,  alluded  to 
the  important  contributions  made  to  our  knowledge  of  isolated  classes,  by  special 
writers,  but  limited  my  remarks  to  the  works  of  those  naturalists  who  have  con- 
sidered the  subject  upon  the  most  extensive  scale. 

Thus  fitr,  no  attempt  had  been  made  to  combine  the  classes  among  themselves 
into  more  comprehensive  divisions,  under  a  higher  point  of  view,  beyond  that  of 
dividing  the  whole  animal  kingdom  into  Vertebrata  and  Iuvertebrata,  a  division 
which  corresponds  to  that  of  Aristotle,  into  £o3«  irayiu  and  Jw«  arm/io.  All  efforts 
were  rather  directed  towards  establishing  a  natural  series,  from  the  lowest  Infusoria 
up  to  Man;  which,  with  many,  soon  became  a  favorite  tendency,  and  ended  by 
being  presented  as  a  scientific  doctrine  by  Blainville. 

1  Cuvier,  (G.,)  Tableau  elementaire  de  l'HUloire  *  Lamarck,  (J.  B.  dr.)  Systetue  des  Animnux 

naturellc  de*  Animaux,  Paris,  1708,  1  voL  8vu.  sans  Vertcbres  ou  Tableau  general,  etc,  Paris,  1801, 

*  Dcmkml,  (A.  M.  C.,)  Zoologie  analrtique,  etc.,  1  voL  8vo. —  Histoirc  uaiurcllc  des  Animaux  sans 

Paris,  1806,  1  voL  8vo.  Vertcbres,  etc  Paris,  1815-1822,  7  vols.  8vo. 
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SECTION  IV. 

PERIOD  OP  CUVIER,  AND  ANATOMICAL  SYSTEMS. 

The  most  important  period  in  the  history  of  Zoology  begins,  however,  with  the 
year  1812,  when  Cuvier  laid  before  the  Academy  of  Sciences  in  Paris  the  results 
of  his  investigations  upon  the  more  intimate  relations  of  certain  classes  of  the 
animal  kingdom  to  one  another,1  which  had  satisfied  him  that  all  animals  are  con- 
structed upon  four  different  plans,  or,  as  it  were,  cast  in  four  different  moulds. 
A  more  suggestive  view  of  the  subject  never  was  presented  before  to  the  appre- 
ciation of  investigators;  and,  though  it  has  by  no  means  as  yet  produced  all  the 
results  which  certainly  are  to  flow  from  its  further  consideration,  it  has  already  led 
to  the  most  unquestionable  improvements  which  classification  in  general  has  made 
since  the  days  of  Aristotle,  and,  if  I  am  not  greatly  mistaken,  it  is  only  in  as 
far  as  that  fundamental  principle  has  been  adhered  to  that  the  changes  proposed 
in  our  systems,  by  later  writers,  have  proved  a  real  progress,  and  not  as  many  retro- 
grade steps. 

This  great  principle,  introduced  into  our  science  by  Cuvier,  is  expressed  by  him 
in  these  memorable  words:  "Si  Ton  considere  le  regne  animal  d'apres  les  prin- 
cipcs  que  nous  venons  de  poser,  en  se  de*barrassant  des  prejuges  £tablis  sur  les 
divisions  anciennement  admises,  en  n'ayant  egard  qu'4  l'organisation  et  a  la  nature 
des  animaux,  et  non  pas  a  leur  grandeur,  h  leur  utilitc*,  au  phm  ou  moins  de 
connaissance  que  nous  en  avons,  ni  &  toutcs  les  autres  circonstances  accessoires,  on 
trouvera  qu'il  existe  quatre  formes  principales,  quatre  plans  ge"ne*raux,  si  Ton  peut 
s'exprimer  ainsi,  d'apres  lesquels  tous  les  animaux  semblent  avoir  6t6  modeles  et 
dont  les  divisions  ulteneurea,  de  quelque  titrc  que  les  naturalistes  les  aient  deco- 
rees,  ne  sont  que  des  modifications  assez  legeres  fonddes  sur  le  developpement  ou 
1' addition  de  quelques  parties,  qui  ne  changent  rien  a  1' essence  du  plan." 

It  is  therefore  incredible  to  me  how,  in  presence  of  such  explicit  expressions, 
Cuvier  can  be  represented,  as  he  is  still  occasionally,  as  favoring  a  division  of 
the  animal  kingdom  into  Vertebrata  and  Invertebrata.*  Cuvier,  moreover,  was  the 
first  to  recognize  practically  the  inequality  of  all  the  divisions  he  adopts  in  his 
system;  and  this  constitutes  further  a  great  and  important  step,  even  though  he 
may  not  have  found  the  correct  measure  for  all  his  groups.  For  we  must  remem- 
ber that  at  the  time  he  wrote,  naturalists  were  bent  upon  establishing  one  con- 

•  Ann.  du  MuwSum  d'Hwtoire  Naturelle,  vol.  xix^  ■  Eiirknbf.ro,  (C.  G.,)  Die  CorallenUnere  de* 

Pari*,  1812.  rotht-n  Meerej,  Berlin,  1834,  4to.,  p.  30,  note. 
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tinual  uniform  series  to  embrace  all  animals,  between  the  links  of  which  it  was 
supposed  there  were  no  unequal  intervals.  The  watchword  of  their  school  was : 
Xatura  non  facU  saltum.     They  called  their  system  la  chaine  des  itra. 

The  views  of  Cuvier  led  him  to  the  following  arrangement  of  the  animal 
kingdom :  — 

CLASSIFICATION  OF  CUVIER.' 

First  Branch.    Aximalia  Vertebrata. 

Cl.  1.  Mammalia.      Orders:  Bimana,  Quadrumana,  Carnivore,  Marsupialia,  Rodent  in,  Eden- 
tata, Pachydennala,  Ruminantia,  Cetaoea. 
Cl.  2.  Birds.      Ord.  Aecipitres,  Pas.*eres,  Scansores,  Gnllinfr,  Grails,  Palmipedes. 
Cl.  3.  Reptilia.      Ord.  Chelonia,  Sauria,  Ophidia,  Batraebia. 

Cu4.  Fishes.  \tt  Series:  Fishes  proper.  Ord.  Acanthopterygii ; —  Abdominale-s  Stib- 
braehii,  Apodes ;  —  Lophobranchii,  Flcctognathi ;  2d  Series  :  Chondropterygii. 
Ord.  Sturioncs,  Setachii,  Cyclostomi.' 

Seeond  Branch.    Andialia  Mol.t.cscA. 

Cl.  1.  Cephalopoda.     No  subdivisions  into  ordeni  or  families. 
C'L.  2.  P  t  c  r  o  p  o  d  a .      No  subdi visions  into  orders  or  families. 

Cl.  8.  Gnstcropoda.      Ord.  Pulmonata,  Nudibranehia,  Infcrobranchia,  Tcclibranehia,  Hetero- 

poda,  Pectinibranchia,  Tubulibranehia,  Scutibranchia,  Cyclobranchia. 
Cl.  4.  Acephala.     Ord.  Testacea,  Tunieata. 
Cl.  5.  Brachiopoda.     No  subdivisions  into  orders  or  families. 
Cl.  C.  C  i  r  r  h  o  p  o  d  a .     No  subdivisions  into  orders  or  families. 

Third  Branch.    Amhalia  Artioilata. 

Cl.  1 .  A  n  n  c  I  i  d  e  * .     Ord.  Tubicohr,  Dorsibranchia-,  Abranchial. 

Cl.  2.  Crustacea.  lit  Section :  Malacostraca.  Ord.  Decapod  a,  Stomapoda,  Amphipoda, 
Lucmodipoda,  Isopoda.  2d  Section:  Entomostraca.  Ord.  Branchiopoda,  Poccilopoda, 
Trilobitw. 

Cl.  3.  A  r  a  c  h  n  i  d  c  s .     Ord.  Pulmonarkc,  Traeheariie, 

Cl.  4.  Insects.  Ord.  Myriapoda,  Thysanura,  Farasila,  Suetoria,  Coleoptera,  Orthoptera, 
llemiptera,  Neuroptera,  Hymenoptera,  Lepidoptera,  Rhipiptcra,  Diptera, 

Fourth  Branch.    Anihalia  Rapiata. 

Cl.  1.  Echinoderms.     Ord.  Pediccllata,  Apoda. 

Cl.  2.  Intestinal  Worms.  Ord.  Ncmatoidea,  (incl.  Epizoa  and  Entozoa,)  Parenchymatosa. 
Cl.  3.  Acalephae.     Ord.  Simpliees.  Hydrostatic*. 

Cl.  4.  Polypi.     (Including  Anthozoa,  Hydroids,  Bryozoa,  Corallinte,  and  Spongiic.)  Ord. 

Caniosi,  Gehltinosi,  Polypiarii. 
Cl.  5.  Iufusoria.     Ord.  Rotifera  and  Ilomogenea,  (including  Polygastrica  and  some  Alga;.) 


1  Le  Ri-gne  animal  <!i-trriu<:  d'aprcs  son  organisation,  Paris, 
1829,  2dc  «Mit.  J  vols.  Svo.  The  rla.««  of  Cnmacca,  Arach- 
nid., and  Inserts  hare  been  clntmratcd  by  Latrrillr.  For  the 
•u«i«ive  modifications  tbc  ila.»iriratk>n  of  Cartel  has  under 


(rone,  compare  hl»  Tablcaa  cVmcntairc,  q.  a.,  p.  192,  his  paper, 
q.  a.,  p.  193,  and  the  first  edition  of  the  Rigne  animal,  pubUihed 
in  1*17,  in«voY  8ro. 

»  Comp.  Riga.  Aaim.,  Sde  edit.,  2d  vol.,  p.  128  and  383, 
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When  we  consider  the  zoological  systems  of  the  past  century,  that  of  Lin- 
nneus,  for  instance,  and  compare  them  with  more  recent  ones,  that  of  Cuvier,  for 
example,  we  cannot  overlook  the  fact,  that  even  when  discoveries  have  added  little 
to  our  knowledge,  the  subject  is  treated  in  a  different  manner;  not  merely  in 
consequence  of  the  more  extensive  information  respecting  the  internal  structure  of 
animals,  but  also  respecting  the  gradation  of  the  higher  groups. 

Linnaeus  had  no  divisions  of  a  higher  order  than  classes.  Cuvier  introduced, 
for  the  first  time,  four  great  divisions,  which  he  called  u  mibranchemens"  or  branches, 
under  which  he  arranged  his  classes,  of  which  he  admitted  three  times  as  many  as 
Linnaeus  had  done. 

Again,  Linnaeus  divides  his  classes  into  orders;  next,  he  introduces  genera,  and 
finally,  species;  and  this  he  docs  systematically  in  the  same  gradation  through  all 
classes,  so  that  each  of  his  six  classes  is  subdivided  into  orders,  and  these  into 
genera  with  their  species.    Of  families,  as  now  understood,  Linnaeus  knows  nothing. 

The  classification  of  Cuvier  presents  no  such  regularity  in  its  framework.  In 
some  classes  he  proceeds,  immediately  after  presenting  their  characteristics,  to  the 
enumeration  of  the  genera  they  contain,  without  grouping  them  either  into  orders 
or  families.  In  other  classes,  he  admits  orders  under  the  head  of  the  class,  and 
then  proceeds  to  the  characteristics  of  the  genera,  while  in  others  still,  he  admits 
under  the  class  not  only  orders  and  families,  placing  always  the  family  in  a  sub- 
ordinate position  to  the  order,  but  also  a  number  of  secondary  divisions  which 
he  calls  sections,  divisions,  tribes,  etc.,  before  he  reaches  the  genera  and  species. 
With  reference  to  the  genera  again,  we  find  marked  discrepancies  in  different 
classes.  Sometimes  a  genus  is  to  him  an  extensive  group  of  species,  widely  differ- 
ing  one  from  the  other,  and  of  such  genera  he  speaks  as  "grands  genres;"  others 
are  limited  in  their  extent,  and  contain  homogeneous  species  without  farther  sub- 
divisions, while  still  others  are  subdivided  into  what  he  calls  sub-genera,  and  this 
is  usually  the  case  with  his  "great  genera." 

The  gradation  of  divisions  with  Cuvier  varies  then  with  his  classes,  some  classes 
containing  only  genera  and  species,  and  neither  orders  nor  families  nor  any  other 
subdivision.  Others  contain  orders,  families,  and  genera,  and  besides  these,  a  variety 
of  subdivisions  of  the  most  diversified  extent  and  significance.  This  remarkable 
inequality  between  all  the  divisions  of  Cuvier  is,  no  doubt,  partly  owing  to  the 
state  of  Zoology  and  of  zoological  museums  at  the  time  he  wrote,  and  to  his 
determination  to  admit  into  his  work  only  such  representatives  of  the  animal 
kingdom  as  he  could  to  a  greater  or  less  extent  examine  anatomically  for  him- 
self; but  it  is  also  partly  to  be  ascribed  to  his  conviction,  often  expressed,  that 
there  is  no  such  uniformity  or  regular  serial  gradation  among  animals  as  many 
naturalists  attempted  to  introduce  into  their  classifications. 
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Hiitoire  naturelle.  An*  Aninunx  tax  Tertfcbtv»,  etc.,  Paris,  1815-1822,  7  *oU.  8w>. —  A  mhohJ  edition  wiui  iurt«  has  been  pnb. 
lUhcd  by  Mensr*.  Den  Hare*  and  Milne-Edwards,  Pari),  1&M-1P43,  10  vols.  8vo.  —  For  the  raeccwire  modiflcatioM  this  classi- 
fication hu  undergone,  see  lln :  8jr«eme  des  animaux  sans  vertebrr*.  etc.,  Paris,  1801,  8to. —  l*hik»o|>hie  coologiquc,  etc.,  Paris, 
1809.  2  toU.  8to.  — Extrait  da  Conn  dc  Zoologie  du  Muaeum  d'Histoire  naturelle.,  etc,  Pari.,  1812,  8 to. 


INVEBTEBRATA. 

I.   Apatiiktic  Animals. 

Cl.  1.  Infusoria.     Ord.  Nudu,  Appcndk-ulata. 

Cl.  2.  Polypi.  Ord.  Ciliati  (Rotifcra),  Denndati  (Iiydroid*), 
Vaginati  (Anthozoa  and  Bryozoa),  and  Natantes  (Crinoids, 
and  «ome  Halcyonoids.) 

Cl.  3.  Radiaria.  Ord.  Mollia  (Acalcphas),  Echinodcrms,  (includ- 
ing Holothuria-  and  Actinia?.) 

Cl.  4.  Tunicata.  Ord.  Bothryllaria  (Compound  Ascidians), 
Ascidia,  (Simple  Ascidians.) 

Cu  5.  Vermes.  Ord.  Mollc*  and  Rigiduli  (Intestinal  Worms  and 
Gordius),  ffispiduli  (NaU),  Epizoariie  (Epizoa,  Lerna-ans.) 

Sensitive  Animals. 
Cl.  6.  Insects.    (Hcxapods.)    Ord.  Aptcrn,  Diptera,  Hemiptcra, 
Lepidoptera,  Hymenoptera,  Nevroptera,  Orthoptera,  Cole- 


II. 


Cl.  7.  Arachnids.    Ord.  Antcntutto-trachcalcs  (Thysanura  and 

Myriapodn),  Exnntennato-lrachealea  and  Exantennato-brair- 

chiales  (Arachnids  proper.) 
Cl.  8.  Crustacea.    Ord.  Hiterobranehia  (Brnnchipoda,  Isopodu, 

Amphipoda,  Slomnpoda)  and  Homobranchia  (Decapoda.) 
Cl.  9.  Annelids.     Ord.  Apoda,  Antennata,  Svdentaria. 
Cl.  10.  Cirripeds.    Ord.  Scssilia  and  Pcdunculata. 
Cl.  11.  Conchifcra.     Ord.  Dimyaria,  Monomyaria. 
Cl.  12.  Mollusks.     Ord.  Pteropoda,  Gasteropoda,  Trachelipoda, 

Cephalopoda,  Hetcropoda. 

VEBTEBBATA. 


Do  not  feci,  and  move 
only  by  their  excited  irri- 
tability. No  brain,  nor 
elongated  medullary  mas*  ; 
no  senses j  forms  varied; 
rarely  articulations. 


Feel,  but  obtain  from 
their  sensations  only  per- 
ceptions of  objects,  a  sort 
of  simple  ideas*  which  they 
are  unable  to  combine  to 

vertebral  column ;  a  bmin 
and  mostly  an  elongated 
medullary  mass  j  some  dis- 
tinct senses ;  muscles  at- 
tached under  the  skin ; 
form  symmetrical,  the  parts 
being  in  pairs. 


III.    Intellioknt  Animals. 
Cl.  13.  Fishes. 
Cl.  14.  Reptiles. 
Cl.  15.  Birds. 
Cl.  1C.  Mammalia. 


It 


Feel  j  acquire  preservablc  ideas ;  perform  with  them  oper- 
ations by  which  they  obtain  others ;  are  intelligent  in  different 
degrees.  A  vertebral  column ;  a  brain  and  a  spinal  marrow  ; 
dislinet  senses ;  the  muscles  attached  to  the  internal  skeleton ; 
form  symmetrical,  the  parts  being  in  pairs. 


not  easy  to  appreciate  correctly  the  system  of  Lamarck,  as  it 
conceptions  with   structural   considerations,  and   an   artificial  endeavor  to 
all  animals  in  continuous  series.     The  primary  subdivision  of  the  animal 
kingdom  into  Invertebrata  and  Vertebrata1  corresponds,  as  I  have  stated  above,  to 


1  See,  above,  Chap.  2,  Sect.  1,  p.  138. 
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that  of  Anaima  and  Etiaima  of  Aristotle.  The  three  leading  groups  designated 
under  the  name  of  Apathetic,  Sensitive,  and  Intelligent  animals,  are  an  imitation 
of  the  four  branches  of  Cuvier;  but,  far  from  resting  upon  such  a  definite  idea 
as  the  divisions  of  Cuvier,  which  involve  a  special  plan  of  structure,  they  are 
founded  upon  the  assumption  that  the  psychical  faculties  of  animals  present  a  serial 
gradation,  which,  when  applied  as  a  principle  of  classification,  is  certainly  not  admis- 
sible. To  say  that  neither  Infusoria,  nor  Polypi,  nor  Radiata,  nor  Tunicata,  nor 
Worms  feel,  is  certainly  a  very  erroneous  assertion.  They  manifest  sensations  quite 
as  distinctly  as  many  of  the  animals  included  in  the  second  type  which  are  called 
Sensitive.  And  as  to  the  other  assertion,  that  they  move  only  by  their  excited 
irritability,  we  need  only  watch  the  Starfishes  to  be  satisfied  that  their  motions 
are  determined  by  internal  impulses  and  not  by  external  excitation.  Modern  inves- 
tigations have  shown  that  most  of  them  have  a  nervous  system,  and  many  even 
organs  of  senses. 

The  Sensitive  animals  are  distinguished  from  the  third  type,  the  Intelligent 
animals,  by  the  character  of  their  sensations.  It  is  stated,  in  respect  to  the  Sensi- 
tive animals,  that  they  obtain  from  their  sensations  only  perceptions  of  objects,  a 
sort  of  simple  ideas  which  they  are  unable  to  combine  so  as  to  derive  from 
them  complex  ones,  while  the  Intelligent  animals  are  said  to  obtain  ideas  which 
they  may  preserve,  and  to  perform  with  them  operations  by  which  they  arrive 
at  new  ideas.  They  are  said  to  be  Intelligent  Even  now,  fifty  years  after 
Lamarck  made  those  assertions,  I  doubt  whether  it  is  possible  to  distinguish  in 
that  way  between  the  sensations  of  the  Fishes,  for  instance,  and  those  of  the 
Cephalopoda.  It  is  true,  the  structure  of  the  animals  called  Sensitive  and  Intelli- 
gent by  Lamarck  differs  greatly,  but  a  large  number  of  his  Sensitive  animals  are 
constructed  upon  the  same  plan  as  many  of  those  he  includes  among  the  Apathetic; 
they  embrace,  moreover,  two  different  plans  of  structure,  and  animal  psychology 
is  certainly  not  so  far  advanced  as  to  afford  the  least  foundation  for  the  distinc- 
tions here  introduced. 

Even  from  his  own  point  of  view,  his  arrangement  of  the  classes  is  less  perfect 
than  he  might  have  made  it,  as  the  Annelids  stand  nearer  to  the  Worms  than 
the  Insects,  and  are  very  inferior  to  them.  Having  failed  to  perceive  the  value 
of  the  idea  of  plan,  and  having  substituted  for  it  that  of  a  more  or  less  com- 
plicated structure,  Lamarck  unites  among  his  Apathetic  animals,  Radiates  (the  Polypi 
and  Radiaria)  with  Mollusks,  (the  Tunicata,)  and  with  Articulates  (the  Worms.) 
Among  the  Sensitive  animals,  he  unites  Articulates  (the  Insects,  Arachnids,  Crus- 
tacea, Annelids,  and  Cirripeds)  with  Mollusks  (the  Conchifera,  and  the  Mollusks 
proper.)  Among  the  Intelligent  animals,  he  includes  the  ancient  four  classes  of 
Vertebrates,  the  Fishes,  Reptiles,  Birds,  and  Mammalia. 


19S  ESSAY  ON  CLASSIFICATION.  Part  I. 

CLASSIFICATION  OF  DK  BLAIXVILLE.1 

1.  Sub-Kingdom.    Ariiomorpha  or  Artioztmria.    Form  bilateral. 

First  Type:  Osteozoaria.  (Vertebrata.) 
Sub-Type:  Viripara. 

Cl.  1.  Pilifera,  or  Muramifera.     1st.  Monadelphya.     2d.  Didclphya. 
Sub-Tri*:  Oripnra. 

Cl.  2.  Pennifera,  or  Ave*. 
Cl.  3.  Squamifera,  or  Reptitia. 
Cl.  4.  Nudipellifera,or  Amphibia. 
Cl.  5.  P  i  n  n  i  f  c  r  a ,  or  Pisces. 
Anosteozoana. 
Second  Type:  F.xtomo/oakia.  (Articulata.) 

Cl.  6.  Hexnpoda.     (Insecta  propric  sic  dicta.) 
Cl.  7.  O  c  t  o  p  o  d  a .      ( Arachnida.) 

Cl.  8.  Decapod  a.     (Crustacea,  Decapoda,  and  Limulus.) 
Cl.  9.  Ilcteropoda.     (Squilla,  Entomnstraca,  and  Epizoa.) 
Cl.  10.  Tetradecapoda.     (Amphipoda  and  Isopoda.) 
Cl.  11.  My  riapoda. 
Cl.  12.  Chaitopoda.  (Annidides.) 
Cl.  13.  A  pod  a.     (Hirudo,  Ccstoidua,  Ascaris.) 
Third  Type:  Malentozoaria. 

Cl.  14.  Nnmatopnda.  (Cirripedia.) 
Cl.  15.  Polyplax  i  phora.  (Chiton.) 
Fourth  Type:  Malacozoaria.  (Mollusca.) 

Cl.  16.  Cephulophora.      Diolcn,   (Cephalopoda  and   Gasteropoda,  p.  p.)  Herma- 

phrodita  and  Motiolca  (Ga*teru])oda  reliqua.) 
Cl.  17.  Acephalophora.     Palliobranchia  (Brachiopoda),  Lamellibranehia  (Areplmla), 

Hcterobranchia  (Ascidhv.) 

2.  Sub-Kingdom.    Actinomorplia  or  Actinozoaria.    Form  radiate. 

Cl.  18.  Annclidaria.or  Gastrophysaria  (Sipunculus,  etc.) 
C'L.  19.  Ceratodermaria.  (Eehinodermata.) 
Cl.  20.  A  r  a  c  h  n  o  d  e  r  m  a  r  i  a .      ( Acalcpha\) 
Cl.  21.  Zoantharia.  (Actinia'.) 

Cl.  22.  P  o  I  y  p  i  a  r  i  a .     (Polypi  lentaculi*  simplicihns),  (Anthoxoa  and  Rrynzna.) 
Cl.  23.  Zoophytaria.     ( Polypi  tentaculis  compositU),  (Halcyonoidea.) 
8.  Sub-Kingdom.    Heteromorpha  or  Heterozoaria.    Form  irregular. 
Cl.  24.  Spongiaria.  (Spongia;.) 
Cl.  25.  Monad  aria.  (Infusoria.) 
Cl.  2G.  Dendrolitharia.     (CoraUin  ••.) 

The  classification  of  de  Blainville  resembles  those  of  Lamarck  and  Cuvier  much 
more  than  a  diagram  of  the  three  would  lead  us  to  suppose.  The  first  of  these 
systems  is  founded  upon  the  idea  that  the  animal  kingdom  forms  one  gradated 

1  De  rOrgantwition  des  Animaux,  Paris,  1822,  1  vol.  8vo. 
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series ;  only  that  dc  Blainville  inverts  the  order  of  Lamarck,  beginning  with  the 
highest  animals  and  ending  with  the  lowest  With  that  idea  is  blended,  to  some 
extent,  the  view  of  Cuvier,  that  animals  are  framed  upon  different  plans  of  structure ; 
but  so  imperfectly  has  this  view  taken  hold  of  de  Blainville,  that  instead  of 
recognizing  at  the  outset  these  great  plans,  he  allows  the  external  form  to  be 
the  leading  idea  upon  which  his  primary  divisions  are  founded,  and  thus  he  divides 
the  animal  kingdom  into  three  sub-kingdoms:  the  first,  including  his  Artiozoaria, 
with  a  bilateral  form ;  the  second,  his  Actinozoaria,  with  a  radiated  form,  and  the 
third,  his  Hetcrozoaria,  with  an  irregular  form  (the  Sponges,  Infusoria,  and  Corallines.) 
The  plan  of  structure  is  only  introduced  as  a  secondary  consideration,  upon  which  he 
establishes  four  types  among  the  Artiozoaria:  1st  The  Osteozoaria,  corresponding  to 
Cuvier's  Vertebrata;  2d.  The  Entomozoaria,  corresponding  to  Cuvier's  Artieulata; 
3d.  The  Malentozoaria,  which  are  a  very  artificial  group,  suggested  only  by  the 
necessity  of  establishing  a  transition  between  the  Artieulata  and  Mollusca ;  4th. 
The  Malacozoaria,  corresponding  to  Cuvier's  Mollusca.  The  second  sub-kingdom, 
Actinozoaria,  corresponds  to  Cuvier's  Radiata,  while  the  third  sub-kingdom,  Hetero- 
zoaria,  contains  organized  beings  which  for  the  most  part  do  not  belong  to  the 
animal  kingdom.  Such  at  least  arc  his  Spongiaria  and  Dendrolitharia,  whilst  his 
Monodaria  answer  to  the  old  class  of  Infusoria,  about  which  enough  has  already 
been  said  above.  It  Is  evident,  that  what  is  correct  in  this  general  arrangement 
is  borrowed  from  Cuvier;  but  it  is  only  justice  to  de  Blainville  to  say,  that  in  the 
limitation  and  arrangement  of  the  classes,  he  has  introduced  some  valuable  improve- 
ments. Among  Vertebrata,  for  instance,  he  has,  for  the  first  time,  distinguished 
the  class  of  Amphibia  from  the  true  Reptiles.  He  was  also  the  first  to  remove 
the  Intestinal  Worms  from  among  the  Radiata  to  the  Artieulata;  but  the  establish- 
ment of  a  distinct  type  for  the  Cirripedia  and  Chitons  was  a  very  mistaken  con- 
ception. Notwithstanding  some  structural  peculiarities,  the  Chitons  are  built  essen- 
tially upon  the  same  plan  as  the  Mollusks  of  the  class  Gasteropoda,  and  the 
investigations,  made  not  long  after  the  publication  of  de  Blainville's  system,  have  left 
no  doubt  that  Cirripedia  are  genuine  Crustacea.  The  supposed  transition  between 
Artieulata  and  Mollusks,  which  de  Blainville  attempted  to  establish  with  his  type  of 
Malentozoaria,  certainly  does  not  exist  in  nature. 

If  we  apply  to  the  classes  of  de  Blainville  the  test  introduced  in  the  preceding 
chapter,  it  will  be  obvious  that  his  Decapoda,  Hetcropoda,  and  Tetradccapoda  par- 
take more  of  the  character  of  orders  than  of  that  of  classes,  whilst  among  Mol- 
lusks, his  class  Cephalophora  certainly  includes  two  classes,  as  he  has  himself  acknowl- 
edged in  his  later  works.  Among  Radiata  his  classes  Zoantharia,  Polypiaria,  and 
Zoophytaria  partake  again  of  the  character  of  orders  and  not  of  those  of  classes. 
One  gre.it  objection  to  the  system  of  de  Blainville  is,  the  useless  introduction  of  so 
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many  new  names  for  groups  which  had  already  been  correctly  limited  and  well 
named  by  his  predecessors.  He  had,  no  doubt,  a  desirable  object  in  view  in  doing 
tins,  —  he  wished  to  remove  some  incorrect  names;  but  he  extended  his  reform 
too  far  when  he  undertook  to  change  those  also  which  did  not  suit  his  system. 


CLASSIFICATION  OF  EHRENBERG. 

The  characteristics  of  the  following  twenty-eight  dosses  of  animals,  with  n  twenty-ninth  for  Man  alone, 
are  given  more  fully  in  the  Transactions  of  the  Academy  of  Berlin  for  1836,  in  the  paper  q.  a^  p.  138. 


1st  Cycle :  Nations.    Mankind,  constituting  one  distinct  class,  is  characterized  by  the  equable  development  of 

all  systems  of  organs  in  contradistinction  of  the 
2d  Cycle:  Aximai.s,  which  are  considered  as  characterized  by  the  prominence  of  i 

divided  into: 

A.  Myeloneura. 


I.    Nutrientia..    Warm-blooded  Vertebrata,  taking 
care  of  their  young. 
Cl.  1.  Mammalia. 
Cl.  2.  Birds. 


II.    Orfhanozoa.    Cold-blooded  Vertebrata,  taking 
no  care  of  their  young. 
CL  3.  Amphibia. 
CL  4.  Pisces. 


B.  Ganglioneura. 


A.    Sphygmozoa,  Cordata. 
marked  by  a  heart  or  pulsating 

III.  Artici'lata.     Real  articulation,  marked  by 

rows  of  ganglia  and  their  rami  fi 
Cl.  5.  Insect*. 
Cl.  6.  Arachnoidea. 
Cl.  7.  Crustacea  (including 

Cirripedia,  and  Lenmu) 
Cl.  8.  Ann  ulata.  (The 

exclusive  of  Nais.) 
Cl.  9.  Somatotoma.  (Xaidina.) 

IV.  Mollusca.     No  articulation.     Ganglia  dis- 


Cl.  10.  Cephalopoda. 
Cl.  11.  Pteropoda. 
Cl.  12.  Gasteropoda. 
Cl.  13.  Acephala. 
Cl.  14.  Brachiopoda. 
Cl.  15.  Tunicata.     ( Ascidiie  gimplices.) 
Cl.  16.  Aggregata.  (Ascidi* 


VI. 


Vessels  without  pulsation. 

Tcbclata.    No  real  articulation, 
simple  sac  or  tube. 

Cl.  17.  Bryozoa. 

Cl.  18.  Diinorphasa.  (Hydroids.) 

Cl.  19.  Turbellaria.  (Khabdowrla :  Dc- 
rostoma,  Turbella,  Vortex.) 

Cl.  20.  Nematoidea.  (Entozoa,  with  sim- 
ple intestine ;  also  Gordras  and  Anguillulo.) 

Cl.  21.  Rotatoria. 

Cl.  22.  Echinoidea.   (Echinus,  Holothuria, 
Sipuncului.) 
Racemiff.ra.    Intestine  divided,  or  forked,  ra- 
diating, dendritic,  or  racemose. 

Cl.23.  Asteroidea. 

Cl.  24.  A  c  a  1  e  p  h  a  c . 

Cl.  25.  Anthoioa. 

Cl.  26.  Trematodea.  (Entozo*  with  rami- 
fied intestine,  also  Cercaria.) 

Cl.  27.  Complanata.  (Dendrocoela :  Pla- 
naria,  etc.) 

Cl.  28.  Polygastrica. 
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The  system  of  Zoology,  published  by  Ehrenberg  in  1836,  presents  many  new 
views  in  almost  all  its  peculiarities.  The  most  striking  of  its  features  is  the  prin- 
ciple laid  down,  that  the  type  of  development  of  animals  is  one  and  the  same 
from  Man  to  the  Monad,  implying  n  complete  negation  of  the  principle  advocated 
by  Cuvier,  that  the  four  primary  divisions  of  the  animal  kingdom  are  characterized 
by  different  plans  of  structure.  It  is  very  natural  that  Ehrenberg,  after  having 
illustrated  so  fully  and  so  beautifully  as  he  did,  the  natural  history  of  so  many 
organized  beings,  which  up  to  the  publication  of  his  investigations  were  generally 
considered  as  entirely  homogeneous,  after  having  shown  how  highly  organized  and 
complicated  the  internal  structure  of  many  of  them  is,  after  having  proved  the 
fallacy  of  the  prevailing  opinions  respecting  their  origin,  should  have  been  led  to 
the  conviction  that  there  is,  after  all,  no  essential  difference  between  these  animals, 
which  were  then  regarded  as  the  lowest,  and  those  which  were  placed  at  the 
head  of  the  animal  creation.  The  investigator,  who  had  just  revealed  to  the 
astonished  scientific  world  the  complicated  systems  of  organs  which  can  be  traced 
in  the  body  of  microscopically  small  Rotifera,  must  have  been  led  irresistibly  to  the 
conclusion  that  all  animals  are  equally  perfect,  and  have  assumed,  as  a  natural  con- 
sequence of  the  evidence  he  had  obtained,  that  they  stand  on  the  same  level  with  one 
another,  as  far  as  the  complication  of  their  structure  is  concerned.  Yet  the  diagram 
of  his  own  system  shows,  that  he  himself  could  not  resist  the  internal  evidence  of 
their  unequal  structural  endowment.  Like  all  other  naturalists,  he  places  Mankind 
at  one  end  of  the  animal  kingdom,  and  such  types  as  have  always  been  considered 
as  low,  at  the  other  end. 

Man  constitutes,  in  his  opinion,  an  independent  cycle,  that  of  nations,  in  contra- 
distinction to  the  cycle  of  animals,  which  he  divides  into  Myeloneura,  those  with  ner- 
vous marrow  (the  Vcrtebrata,)  and  Gangmonecra,  those  with  ganglia  (the  Invertebrata.) 
The  Vertebrata  he  subdivides  into  Nutrientin,  those  which  take  care  of  their  young, 
and  Orphamzoa,  those  which  take  no  care  of  their  young,  though  this  is  not  strictly 
true,  as  there  are  many  Fishes  and  Reptiles  which  provide  as  carefully  for  their 
young  as  some  of  the  Birds  and  Mammalia,  though  they  do  it  in  another  way. 
The  Invertebrata  are  subdivided  into  Spfygmozoa,  those  which  have  a  heart  or 
pulsating  vessels,  and  Aspb/cta,  those  in  which  the  vessels  do  not  pulsate.  These 
two  sections  are  further  subdivided :  the  first,  into  Articulata  with  real  articulations 
and  rows  of  ganglia,  and  Mollusks  without  articulation  and  with  dispersed  ganglia ; 
the  second,  into  Tubulata  with  a  simple  intestine,  and  Raccmifera  with  a  branching 
intestine.  These  characters,  which  Ehrenberg  assigns  to  his  leading  divisions,  imply 
necessarily  the  admission  of  a  gradation  among  animals.  He  thus  negatives,  in 
the  form  in  which  he  expresses  the  results  of  his  investigations,  the  very  principle 
he  intends  to  illustrate  by  his  diagram.     The  peculiar  view  of  Ehrenberg,  that 
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all  animals  are  equal  in  the  perfection  of  their  organization,  might  be  justified,  if 
it  was  qualified  so  as  to  imply  a  relative  perfection,  adapted  in  all  to  the  end 
of  their  Hpecial  mode  of  existence.  As  no  one  observer  has  contributed  more 
extensively  than  Ehrenberg  to  make  known  the  complicated  structure  of  a  host 
of  living  beings,  which  before  him  were  almost  universally  believed  to  consist  of 
a  simple  mass  of  homogeneous  jelly,  such  a  view  would  naturally  be  expected 
of  him.  But  this  qualified  perfection  is  not  what  he  means.  He  does  not  wish 
to  convey  the  idea  that  all  animals  are  equally  perfect  in  their  way,  for  he  states 
distinctly  that  "Infusoria  have  the  same  Bum  of  systems  of  organs  as  Man,"  and 
the  whole  of  his  system  is  intended  to  impress  emphatically  this  view.  The  separa- 
tion of  Man  from  the  animals,  not  merely  as  a  class  but  as  a  still  higher  division, 
is  especially  maintained  upon  that  ground. 

The  principle  of  classification  adopted  by  Ehrenberg  is  purely  anatomical ;  the  idea 
of  type  is  entirely  set  aside,  as  is  shown  by  the  respective  position  of  his  classes. 
The  Myeloneura,  it  is  true,  correspond  to  the  branch  of  Vertebrata,  and  the 
Sphygmozoa  to  the  Articulata  and  Mollusca;  but  they  are  not  brought  together 
on  the  ground  of  the  typical  plan  of  their  structure,  but  because  the  first  have 
a  spinal  marrow  and  the  other  a  heart  or  pulsating  vessels  with  or  without  articula- 
tions of  the  body.  In  the  division  of  Tubulata,  it  is  still  more  evident  how  the 
plan  of  their  structure  is  disregarded,  as  that  section  embraces  Radiata,  (the 
Echinoidea  and  the  Dimorphaja,)  Mollusca,  (the  Bryozoa,)  and  Articulata,  (the 
Turbellaria,  the  Nematoidea,  and  the  Rotatoria,)  which  are  thus  combined  simply 
on  the  ground  that  they  have  vessels  which  do  not  pulsate,  and  that  their  intestine 
is  a  simple  sac  or  tube.  The  Ilacemifera  contain  also  animals  constructed  upon 
different  plans,  united  on  account  of  the  peculiar  structure  of  the  intestine,  which 
is  either  forked  or  radiating,  dendritic  or  racemose. 

The  limitation  of  many  of  the  classes  proposed  by  Ehrenberg  is  quite  objec- 
tionable, when  tested  by  the  principles  discussed  above.  A  large  proportion  of  them 
are,  indeed,  founded  upon  ordinal  characters  only,  and  not  upon  class  characters. 
This  is  particularly  evident  with  the  Rotatoria,  the  Somatotoma,  the  Turbellaria,  the 
Nematoidea,  the  Trematodea,  and  the  Complanata,  all  of  which  belong  to  the  branch 
of  Articulata.  The  Tunicata,  the  Aggregata,  the  Brachiopoda,  and  the  Bryozoa  are 
also  only  orders  of  the  class  Accphala.  Before  Echinoderms  had  been  so  exten- 
sively studied  as  of  late,  the  separation  of  the  Echinoidea  from  Astcroidea  might 
have  seemed  justifiable;  at  the  present  day,  it  is  totally  inadmissible.  Even 
Leuckart,  who  considers  the  Echinoderms  as  a  distinct  branch  of  the  animal  king- 
dom, insists  upon  the  necessity  of  uniting  them  as  a  natural  group.  As  to  the 
Dimorphaea,  they  constitute  a  natural  order  of  the  class  Acalephsa,  which  is  generally 
known  by  the  name  of  Ilydroids. 
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CLASSIFICATION  OK  BURMEISTER. 

The  following  diagram  U  compiled  from  die  author's  Gewhiehte  der  Schopfung,  Leipzig,  1843,  1  vol.  8vo. 

Type  I.    Irregular  Animals. 

1st  Subtype.    Cl.  1.  Infusoria. 

Type  II.    Rkoci.au  Animals. 

2d  Subtype.    Cl.  2.  P olypinn.    Ord.  Brynroa,  Anthozoa. 
3d  Subtype.    Cl.  3.  Hud  i  at  a.    Ord.  Acalepha-,  Echinodermata,  Scytodermnta. 
Type  III.    Svmmktrical  AlDUU 

4lh  Subtype.    Cl.  4.  Mollusca.    Ord.  Perigymnn  (Tunicata) ;    Cormopoda  (Accphala)  ;  BfMhfo* 

poda,  Ceplialopluiru  (l'teropoda  and  Gasteropoda);  Cephalopoda. 
5th  Subtype.  Arthrozoa. 

C'L.  5.  Vermes.     Ord.   lit  Iminthcs,  Trrmntodes  and  Annulati. 

Cl.  6.  Crustacea.  1°.  Ostraroderma.  Ord.  Prothetmia  (Cirripcdia,  Siphono- 
stomo,  and  Rotatoria);  A.<ipido*trnca  (Etitotmwlraca :  Lopbyropoda,  Phyllopoda, 
Piecilopoda,  Trilobita-.)  2°.  Mnlacostraca.  Ord.  Thoracostraca  (Podopb- 
tlialma)  ;   and  Arthrnstrara,  (Edriophthalmu.) 

Cl.  7.  Arachnoda.    Ord.  Myriapoda,  Arachnid*?. 

Cl.  8.  lose  eta.    OnL  Rhynchota,  Synisiata,  Antliata,  Piezata,  Gkwsata,  Eleutherata. 
6th  Subtype.    Onteozoa.  (Vertebrala.) 
Cl.  9.  Pisces. 
Cl.  10.  Amphibia. 
Cl.  11.  Aves. 
Cl.  12.  Mammalia. 

The  general  arrangement  of  the  classification  of  Burmeister  recall*  that  of 
de  Blainville;  only  that  the  order  is  inverted.  His  three  types  correspond  to  the 
three  subkingdoms  of  de  Blainville:  the  Irregular  Animals  to  the  Hcterozoaria,  the 
Regular  Animals  to  the  Actinozoaria,  and  the  Symmetrical  Animals  to  the  Artiozo- 
aria;  while  his  subtypes  of  the  Symmetrical  Animals  correspond  to  the  types  de 
Blainville  admits  among  his  Artiozoaria,  with  this  important  improvement,  however, 
that  the  Malentozoaria  are  suppressed.  Burmeister  reduces,  unhappily,  the  whole 
branch  of  Mollusks  to  one  single  class.  The  Arthrozoa,  on  the  contrary,  in  the 
investigation  of  which  BurmeLster  has  rendered  eminent  service  to  science,  are  pre- 
sented in  their  true  light  In  his  special  works,1  his  classification  of  the  Articulata 
is  presented  with  more  details.  I  have  no  doubt  that  the  correct  views  he  entertains 
respecting  the  standing  of  the  Worms  in  the  branch  of  Articulata  arc  owing  to  his 
extensive  acquaintance  with  the  Crustacea  and  Insects,  and  their  metamorphoses. 

1  These  works  arc:  Beilrilge  zur  Naturgoschiehte  1836.  —  Die  Organisation  der  Trilobiten,  aus  ihren 

der  Rankinfutser,  (Cirripedia,)  Berlin,  1834,  1  vol.  lebenden  Verwandtcn  cntwickelt,  Berlin,  1843,  1  vol. 

4to.-Handb.ich  der  Entomologie,  Berlin,  1832-47,  4to-;  Engl,  by  the  Ray  Society,  London,  1847, 

5  vols.  8vat  Engl,  by  W.  E.  Shurkard,  London,  1  voL  fol. 
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CLASSIFICATION  OF  OWKN. 

The  following  diagram  i-  compiled  from  R.  Owkx's  lectures  on  the  Comparative  Anatomy  and 
Physiology  of  the  Invertebrate  Animal*,  2d  edit.,  London,  1855,  1  vol.  8vo. 

Province.    Vkrtkbrata.    Myelencephala-  (Owen.) 
CLi  Mammalia. 
Cl.  Arcs. 
Cl.    R  e  p  t  i  1  i  a . 

Cl.    Pisces.    Ord.  Dcrmopteri,  Malaeopteri,  Pharyngognathi,  Anacnnthini,  Acanthopteri,  Plectognathi, 

Lophobranchii,  Ganoidei,  Protopteri,  Holoceptiali,  Plogioatomi. 
Province.    Articclata.    Homogangliata.  (Owen.) 

Cl.    Arachnida.    Ord.  Derraophysa,  Traohearia,  Pulmotraehoaria,  and  Pulroonaria. 

Cl.    I  n  sect  a.   Subcltui:  Myriapoda.  Ord.  Chilognatha  and  Chilopoda.    Subclatt:  Ilexapoda. 

Ord.  Aptera,  Diptera,  Lepidoptero,  llymciioptero,  Homoptera,  Strepsiptera,  Ncvroptera,  Orthop- 

tera,  ami  Coleoptenu 

Cl.    Crustacea.  Subclatt:  Entomostraca.  Ord.  Trilobitcs,  Xiphosura,  Phyllopoda,  Cladorcra, 
Oslracopoda,  Copcpoda.    Subclatt:  M  a  I  aeon  t  raea .    1°.  Edriophthalma.   Ord.  La>modipoda, 
Isopoda,  Amphipodo.    2°.  Podophthalma.    Ord.  Stomapoda,  Deca|>oda. 
Cl.    Epizoa.    Ord.  Cephaluna,  Bmehiuna,  and  Onehuna. 
Cl.    A  n  n  c  1 1  a  t  a .    Ord.  Suctoria,  Tcrricola,  Erranlia,  Tubieolu. 
Cl.    C  i  r  r  i  p  c  d  i  a .    Ord.  Thoraeica,  Abdominalia,  and  Apoda. 
Province.    HoLLOfiCA.    Heterogangliata.  (Owen.) 

Cl.    Cephalopoda.    Ord.  Tetrabnuichiatn  and  Dibranchiata. 

Cl.  Gasteropoda.  A.  Montccia:  Ord.  Apneusta  (Koll.).  Nudibranchtata,  Inferobrancliiata, 
Tectibranchiata,  Pulmonata.  B.  Ditto ia.  Ord.  Nucleobranchiata,  Tubulibranchiala,  Cyclo- 
branchinto,  Scutibranchi  u  .i.  and  Pectinibronchinta. 

Cl.    Pteropoda.    Ord.  Thrcosomata  and  Gymnosomnta. 

Cl.    Lamellibranchiata.    Ord.  Monomyaria  and  Dimyaria. 

Cl.    Brachiopoda.    Only  subdivided  into  families. 

Cl.    Tunicata.    Ord.  Saccobranchiala  and  Ta-niobranchiata. 
Subprovinee.  Radiaria.1 

Cl.    Echinodcrmata.    Ord.  Crinoidea,  Asteroidea,  Echinoidea,  Ilolotburioidea,  and  Sipuncutoidea. 

Cl.    Bryozoa.    Only  subdivided  into  families. 

Cl.    Anthozoa.    Only  subdivided  into  families. 

Cl.    Acalephae.    Ord.  Pulmogroda,  Ciliogrtula,  and  Physognula. 

Cl.    Hydrozoa.    Only  subdivided  into  families. 
Subprovinee.  E.NTOXOA. 

Cl.    Caslelmintha.    Ord.  Gordincea,  Nematoidea,  and  Oucliophora. 

Cl,    Sterelmintha.    Ord.  Tuenioidea,  Trematodn,  Acantboeephala.  —  Turbellaria. 
Subprovinee.  Infusoria. 

Cl.    Uotifera.     Only  subdivided  into  families. 

Cl.    Poly  gas  tria.    Ord.  Astoma,  Stomatoda.  —  Rhizopoda. 

>  In  die  first  edition  of  the  work  quoted  al»vc,  paMiubnl  roatrsdiiiUnction  of  the  subkin^tluiiu,  MuIIum'S,  Artirulata, 
in  IMS,  the  three  sobpiwincr*.  Riuliiiria,  Enioioa,  «nd  Infu.       and  Vcrtilirata,  and  that  subkingdom  U  aulidivided  into  two 
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The  classification  with  which  Owen1  introduces  his  "Lectures  on  Comparative 
Anatomy"  is  very  instructive,  as  showing,  more  distinctly  than  other  modern  systems, 
the  unfortunate  ascendency  which  the  consideration  of  the  complication  of  structure 
has  gained  of  late  over  the  idea  of  plan.  His  provinces,  it  is  true,  correspond 
in  the  main  to  the  branches  of  Cuvier,  with  this  marked  difference,  however,  that 
he  does  not  recognize  a  distinct  province  of  Radiata  coequal  with  those  of  Mollusca, 
Articulata,  and  Vertebral  a.  but  only  admits  Radiaria  as  a  subprovince  on  a  level 
with  Entozoa  and  Infusoria  Here,  the  idea  of  simplicity  of  structure  evidently 
prevails  over  that  of  plan,  as  the  subprovinccs  Radiaria,  Entozoa,  and  Infusoria 
embrace,  besides  true  Radiata,  the  lowest  types  of  two  other  branches,  Mollusks 
and  Articulates.  On  the  other  hand,  his  three  subprovinces  correspond  to  the 
first  three  types  of  von  Siebold;  the  Infusoria1  of  Owen  embracing  the  same 
animals  as  the  Protozoa  of  Siebold,  his  Entozoa8  the  same  as  the  Vermes,  and  his 
Radiaria  the  same  as  the  Zoophyta,  with  the  single  exception  that  Owen  refers 
the  Anuellata  to  the  province  of  Articulata,  whilst  Siebold  includes  them  among 
his  Vermes.  Beyond  this  the  types  of  Mollusca  and  Articulata  (Arthropoda)  of 
the  two  distinguished  anatomists  entirely  agree.  The  position  assigned  by  Owen 
to  the  provinces  Articulata  and  Mollusca,  not  one  above  the  other,  but  side  by 
side  with  one  another,4  is  no  doubt  meant  to  express  his  conviction,  that  the  com- 
plication of  structure  of  these  two'  types  does  not  justify  the  idea  that  either 
of  them  stands  higher  or  lower  than  the  other;  and  this  is  perfectly  correct. 

Several  groups,  established  by  previous  writers  as  families  or  orders,  are  here 
admitted  as  classes.  His  class  Epizoa,  which  is  not  to  be  confounded  with  that 
established  by  Nitzsch  under  the  same  name,  corresponds  exactly  to  the  family 
called  Lernkes  by  Cuvier.  His  class  Hydrozoa  answers  to  Che  order  Hyuroum  of 
Johnston,  and  is  identical  with  the  class  called  Dimorpilva  by  Ehrenberg.  His 
class  Ccelelmixtha  corresponds  to  the  order  of  Lytestinacx  Cavitaires  established 


1  I  have  given  precedence  to  the  clarification 
of  Owen  over  those  of  von  Siebold  and  Stannius, 
Milne-Edward*,  Leuckart,  etc.,  because  the  first  edi- 
tion of  the  "Lectures  0n  Comparative  Anatomy " 
was  published  in  1843  ;  but  in  estimating  its  features, 
aa  expressed  in  the  preceding  diagram,  it  should  be 
borne  in  mind  that,  in  the  first  edition,  the  classes 
alone  are  considered,  and  that  the  orders  and  families 
were  only  added  to  the  second  edition  in  1855.  I 
mention  this  simply  to  prevent  the  possibility  of 
being  understood  as  ascribing  to  Owen  all  tliose  sub- 
divisions of  the  classes,  which  he  admits,  and  which 
do  not  appear  in  the  systems  considered  before  his. 


1  The  Rhizopoda  arc  considered  as  a  group 
coequal  to  Rotifera  and  Polygastria,  on  p.  16  of 
the  "  Lectures,"  but  on  p.  59,  they  Btand  as  a  sub- 
order of  Polygnsfria. 

*  The  Turbellnria  are  represented  as  an  inde- 
pendent group,  on  p.  1 6,  and  referred  as  a  suborder 
to  the  Trematoda,  on  p.  118. 

•  From  want  of  room,  I  have  been  compelled, 
in  reproducing  the  classification  of  Owen  in  the 
preceding  diagram,  to  place  his  provinces  Articulata 
and  Mollusca  one  below  the  other  upon  my  page; 
according  to  his  views,  they  should  stand  on  a  lerel, 
side  by  side  with  one  another. 


Digitized  by  Google 


20G 


ESSAY  ON  CLASSIFICATION. 


Part  L 


by  Cuvier,  with  the  addition  of  Gordius;  while  his  class  Sterelmintha  has  the 
same  circumscription  as  the  order  Intestinaux  Parexchymatetx  of  Cuvier.  Generally 
speaking,  it  should  not  be  understood  that  the  secondary  divisions  mentioned  by  the 
different  authors,  whose  systems  I  have  analyzed  here,  were  established  by  them 
They  are  frequently  borrowed  from  the  results  obtained  by  special  investigators  of 
isolated  classes.  But  it  would  lead  me  too  far,  to  enter  here  into  a  discussion 
of  all  these  details. 

This  growing  resemblance  of  the  modern  systems  of  Zoology  is  a  very  favorable 
sign  of  our  times.  It  would,  indeed,  be  a  great  mistake  to  assume,  that  it  is  solely 
owing  to  the  influence  of  different  authors  upon  one  another;  it  is,  on  the  con- 
trary, to  a  very  great  extent,  the  result  of  our  better  acquaintance  with  Nature. 
When  investigators,  at  all  conversant  with  the  present  state  of  our  science,  must 
possess  nearly  the  same  amount  of  knowledge,  it  is  self-evident  that  their  views 
can  no  longer  differ  so  widely  as  they  did  when  each  was  familiar  only  with 
a  part  of  the  subject  A  deeper  insight  into  the  animal  kingdom  must,  in  the 
end,  lead  to  the  conviction  that  it  is  not  the  task  of  zoologists  to  introduce  order 
among  animals,  but  that  their  highest  aim  should  be  simply  to  read  the  natural 
affinities  which  exist  among  them,  so  that  the  more  nearly  our  knowledge  embraces 
the  whole  field  of  investigation,  the  more  closely  will  our  opinions  coincide. 

As  to  the  value  of  the  classes  adopted  by  Owen,  I  may  further  remark  that 
recent  investigations,  of  which  he  might  have  availed  himself,  have  shown  that  the 
Cirripedia  and  his  Epizoa  are  genuine  Crustacea,  and  that  the  Entozoa  can  no 
longer  be  so  widely  separated  from  the  Annellata  as  in  his  system.  With  reference 
to  the  other  classes,  I  refer  the  reader  to  my  criticism  of  older  systems,  and  to 
the  first  section  of  this  Chapter. 

It  is  a  great  satisfaction  for  me  to  find  that  the  views  I  have  advocated  in 
the  preceding  sections,  respecting  the  natural  relations  of  the  leading  groups  of 
the  animal  kingdom,  coincide  so  closely  with  the  classification  of  that  distinguished 
zoologist,  Milne-Edwards,  lately  presented  by  him  as  the  expression  of  his  present 
views  of  the  natural  affinities  of  animals.  He  is  the  only  original  investigator 
who  has  recently  given  his  unqualified  approbation  to  the  primary  divisions  first 
proposed  by  Cuvier,  admitting,  of  course,  the  rectifications  among  the  group  of 
secondary  rank,  rendered  necessary  by  the  progress  of  science,  to  which  he  has 
himself  so  largely  contributed. 

As  to  the  classes  adopted  by  Milne-Edwards,  I  have  little  to  add  to  what  I 
have  already  stated  before,  with  reference  to  other  classifications.  Though  no 
longer  overruling  the  idea  of  plan,  that  of  complication  of  structure  has  still  too 
much  influence  with  Milne-Edwards,  inasmuch  as  it  leads  him  to  consider  as  classes, 
groups   of  animals   which   differ  only   in   degree,  and  are  therefore  only  orders. 
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Such  are,  no  doubt,  his  classes  of  Molluscoids  and  those  of  Worms,  besides  the 
Myriapods  and  Arachnids.  Respecting  the  Fishes,  I  refer  to  my  remarks  in  the 
first  section  (p.  187)  of  this  Chapter. 


CLASSIFICATION  OF  MILNE-EDWARDS. 

The  following  diagram  i.i  drawn  from  the  author's  Cours  eMnwnWlw!  d'HbMut  nuturellc,  Paris,  1K.W, 
1  vol.  12nto.,  7th  edit.,  in  which  he  has  presented  the  result*  of  his  latest  investigations  upon  the  rlassifh  n- 
lion  of  the  Verlebreta  and  Articuliitft;  the  minor  subdivisions  of  the  Worms,  Mollusks  and  Zoophytes, 
however,  arc  nut  considered  in  thi»  work.1 

I.   Osteozoaria,  or  Vkrtebrata. 


Subbranch.  Allan  t oi di an  I . 

Cl.  Mammalia.  1°.  Monodelphyn.  a.  Propria.  Orrf.  HimanjL, 
Qunilrumana,  Cheiroptera,  Insectivora,  Rodi  nlia,  Edentata,  Carni- 
vore, Amphibia,  Pachydermata,  Ruminantia.  6.  Pisciformia.  Ord. 
Cctacea.    2°.  Didelphva.    Ord.  Mamipialia,  Monotrcmiita. 

Cl.  Birds.  Ord.  Radices,  Passeres,  S.au-..r>-.  Gallinie, 
Gralhe,  and  Palmipede'. 

Cl.  Reptiles.    Ord.  Chclonia,  Sauria.  Ojihidia. 


Subbranch.  Anallantnidiani. 

Cl.  Batrachtans.  Ord.  Antirn, 
Crudela,  Perennibranchia,  Ca-cilia1. 

Cl.  Fishes.  l°.Os»ei.  Ord.  Acaii- 
thopterygii,  Abdominalcs,  Subbraehii, 
A|Mxlei>,  Ixiphohnuichii,  anc|  Plcetog- 
nathi.  2°.  Cbondropterygii.  Ord,  Stu- 
riones,  Seluehii,  and  Cyclostomi. 


II.    Entomozoa,  or  Anneilata. 

Subbranch.  Arthropuda. 

Cl.  I  n  s  e  c  t  a .  Ord.  Coleoptera,  Ortho[itera,  Xcvroplcra,  llymciioptcra, 
Lepidoptera,  Hemiptern,  Diptera,  Rliipiptcrn.  Anoplura,  and  Thysanura. 

Cl.  Myriapoda.    Ord.    Chilognutha  and  Chilopodu. 

C'L.  Arachnids.     Ord.  Piilmonaria  and  Trachcaria. 

Cl.  Crustacea.     1°.  Podnphtlialmia.  I)eca]ioda  and  Hlomiipodu. 

2°.  Edriophthnliuo.  Ord,  Ainpbipoda,  Lirmodipoda,  and  Isopwla.  8°.  Brnn- 
ehio|N>da.  Ord,  0*tnt|K)du,  Phyllttpoda,  and  Trilobita?.  4°.  Entomostraca.  Ord. 
Copcpoda,  Cladocera,  Siphonostoma.  I.,  ran  i.Ia.  Cirri|>edi».    5°.  Xiphosura. 


III.    Malacozoabia,  or  Mollcsca. 


Subbranch.     I'erme  ■ . 
Cl.  Annelids. 
Cl.  Helminths. 
Cl.  Turbellaria. 
Cl.  Ccstoidca. 
Cl.  Rotatoria. 


Subbranch.    Mollutkt  proper. 
Cl.  Cephalopoda. 
Cl.  Pteropods. 
Cl.  Gasteropods. 
Cl.  A  c  e  p  h  a  I  a . 


Subbranch.    Ho  Ituieoidi . 
Cl.  Tunicata. 
Cl.  Bryoxoa. 


I 


Subbranch.  Radiaria,  or  Radiata. 
Cl.  Echinoderms. 
Cl.  A  c  a  1  e  p  h  s . 
Cl.  Cora  11  aria,  or  Polypi. 


IV.  ZoOPflTTES. 

Subbranch.  Sareodaria. 
Cl.  Infusoria. 
Cl.  Spongiaria. 


1  Commit,  for  these,  his  recent  papers  upon  Polyps,  Mollnsks,  and  Crustacea,  in  the  Ann.  drs  8c.  Nst. 
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CLASSIFICATION  OF  VON  SIEBOLD  AND  STANNIUS. 

Thi*  classification  is  adopted  in  the  following  work:  Siebolp,  (C.  Th.  v..)  and  Stanxus,  (II.,)  Lehrbucli 
der  vcrglcichcnden  Anatomic,  Berlin,  1845,  2  vol*.  8vo.     A  second  editiou  is  now  in  prei*. 

EVF.RTEBRATA. 

I.  Protozoa. 


of  the  work  quoted  abort,  Sie- 
l»ld  Km  introduced  most  important  improvrrmnu  in  the 
1'LiMtilicaiioa  of  the  Wurnu,  an 
knowledge  of  these  animal*. 


Cl.  1.  Infusoria.  Ord. 

Cl.  2.  Rhizopoda.     Ord.  Monosomatia  and  Polysomatia. 
II.  ZoornrTA. 

Cl.  8.  Polypi.     Ord.  Anthozoa  and  Bryozoa. 
Cl.  4.  Acalephae.     Ord.  Siphonophora,  Dweophorn, 
Cl.  5.  Echioodermata.     Ord.  Crinoidea,  Asteroidea,  Eehinoidca,  Holothurioidca,  and 
Sipunculoidca. 

III.  Vermes. 

Cl.  6.  H  c  1  in  in  t  h  c  a .  Ord.  Cystici,  Ces- 
lodes,  Trematodcs,  Acanthocepliali, 
Gordiacei,  Nematodes. 

Cl.  7.  Turbellarii.     Ord.  Rhabdocceli,  Dendroconli. 

Cl.  8.  Rotatorii.     Not  subdivided  into  orders. 

Cl.  9.  A  n  n  u  I  a  t  i .     Ord.  Apode*  and  Chretopodcs. 

IV.  Mollusc  a. 

Cl.  10.  A  c  c  p  k  a  I  a .     Ord.  Tuuicata,  Brachiopoda, 
Cl.  II.  Cephalophora,  Meek.,  (Gasteropoda.)     Ord.  Pfcropoda,  Hctcropoda,  Gasteropoda, 
Cl.  12.  Cephalopoda.     Not  subdivided  into  order*. 
V.  Arthropoda. 

Cl.  18.  Crustacea.    Ord.  Cirripedia,  Siphonostomo,  Lophyropoda,  Phyllopoda,  Po?cilopoda, 

La-modipoda,  Isopoda,  Amphipoda,  Stomnpoda,  Decapoda,  Myriapoda. 
Cl.  14.  Arachnida.     Orders  without  names. 

Cl.  15.  Insecta.  a.  Ametabola.  Ord.  Aptera.  b.  Hemimptabola;  Ord.  lit- 
miptera,  Orthoptera.  e.  Holometabola.  Ord.  Diptera,  Lepidoptera,  Hymenop- 
tcra,  Strepsiptcra,  Ncvroptera,  and  Coleoptera. 

VF.RTEBRATA. 

VI.  Vertebrata. 

Cl.  16.  Piscea.      Subclatui:    1st.  Leptocardii.     2d.  M  a  rai  pob  ra  n  e  h  i  i .  3d. 

Elasmobranchii;     Ord.  Holoecphali,  Plagiostoini.     4th.    Ganoidei;  Ord. 

Chrondroatei,  Holostei.     5th.  Teleoatci;   Ord.  Acanthoptcri,  Anacanthini,  Phnryn- 

gognathi,  Physoatomi,  Plectognathi,  Lophobranchii.     Cth.  Dipnoi. 
Cl.  1 7.    R e  p  t i  1  i  a .     Suitdtutei :  1  «t.   Dipnoa  ;  Ord.  Urodelo,  Batrachia,  Gymnophiona. 

2d.  M  o  n  o  p  n  o  a  :  a.  Strcptoatylica ;  Ord.  Ophidia,  Sauna,  b.  Monimostyliea ;  Ord. 

Chelonia,  Crocodila.        The  sabdirmoru  of  the  classes  llscrs  ami  Repiilia  arc  taken  from  the  ace- 
I  ond  edition,  published  in  ISM-I856.  in  which  J.  MuUer's  arrangement  of  the 
Cl.  18.  Aves.  >  Fishes  U  adopted:  that  of  the  Reptile*  i*  partly  Stannins's  own.  Thr 

I  classes  Arcs  and  Mammalia,  and  the  first  volume  of  the  second  edition,  arc 
Cl.  19.  Mammalia.         J  notyctout. 
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The  most  original  feature  of  the  classification  of  von  Siebold  is  the  adoption 
of  the  types  Protozoa  and  Venues,  in  the  sense  in  which  they  are  limited  here. 
The  type  of  Worms  has  grown  out  of  the  investigations  of  the  helminthologists, 
who,  too  exclusively  engaged  with  the  parasitic  Worms,  have  overlooked  their  rela- 
tions to  the  other  Articulata.  On  the  other  hand,  the  isolation  in  which  most  ento- 
mologist have  remained  from  the  zoologists  in  general,  has  no  doubt  had  its  share  in 
preventing  an  earlier  thorough  comparison  of  the  Worms  and  the  larval  conditions  of 
Insects,  without  which  the  identity  of  type  of  the  Worms,  Crustacea,  and  Insects 
can  hardly  be  correctly  appreciated.  Concerning  the  classes1  adopted  by  von  Sie- 
bold and  Stannius,  I  have  nothing  to  remark  that  has  not  been  said  already. 

CLASSIFICATION  OF  R.  LEUCKART. 

The  classification  of  Leuckart  is  compiled  from  the  following  work:  Leuckart,  (It.,)  Ueber  die  Mor- 
phologic nnd  die  VerwandUchaftsvcrhiUtnLise  der  wirbellosen  Thiere,  Braunschweig,  1848,  1  vol.  8vo. 

I.     CoEL ENTER ATA,  Lkt. 

Cx.  1 .  Polypi.     Ord.  Anlhozoa  and  Cylicozoa  (Lucernaria. ) 
Cl.  2.  Acalephae.     Ord.  Discophoras  and  Ctertophorse. 

II.     ECHIXODKRMATA,  Lkt 

Cl.  8.  Pelmatozoa,  Lkt.     Ord.  Cptidea  and  Crinoidea. 

Cl.  4.  Actinozoa,  Latr.     Ord.  Echinida  and  AMerida. 

Cl.  5.  Scytodermata,  Brmst     Ord.  Holothuriie  and  Sipunculida. 

III.  Vermes. 

Cl.  6.  Anenterati,  Lkt     Ord.  Cestodcs  and  Aeanlboccphali.    (Helminthes,  Burm.) 

Cu7.  A  pod  es,  Lkt.   Ord.  Nemertini, Turbellarii, Trcmatodes,  and  Hirudinei.  (Trcmatodcs,  Burnt.) 

Cl.  8.  Ciliati,  Lkt.     Ord.  Bryozoa  and  Roliferi. 

Cl.  9.  Annelides.     Ord.  Nematodes,  Lumbricini,  and  Branchiati.    (Annulati,  Burm.,  excL  Ne- 
mertinis  et  Hirudineis.) 

IV.  Arthroi'Oda. 

Cl.  10.  Crustacea.     Ord.  Entomostraca  (Neuaticopoda  Car.)  and  Malacostraca. 
Cl.  1 1.  Insecta.     Ord.  Myriapoda,  Arachnida,  (Acera,  Latr.,)  and  1 
V.    Mollcsca,  Cuv.    (Palliata,  Nitzscb.) 

not  jimplvM  »  class,  lint  even  hi — 
Sav.)  and  Salpa,  (Thalides  Sav.)  J  inwtmediBtc  ^wml  Echiaoderm.  and  Wo 

Cl.  13.  Acephala.     Ord.  Lamellibranchiata  (Cormopoda  Nitzsch,  Pelecypoda  Car.)  and  Bra- 
chiopoda. 

Cl.  14.  Gasteropoda.    Ord.  Hetcrobranchia,  (Pteropoda,  InferobrancbJa,  and  Tectibranchia,) 
Dermalobranchia,  (Gymnobranchia  and  Phlebcnterata,)  Heteropoda,  Ctenobranchia,  Pulmo- 
natn,  and  Cyclobranchia. 
Cl.  15.  Cephalopoda. 
VI.    Vertebrata.     (Not  considered.) 

1  The  name*  of  the  type*,  Protozoa  end  Vermes,  are  oMrr  on«  way*  for  nearly  half  a  century,  while  that  of  Worms  was  Am 
than  their  limitation  in  the  classification  of  Siebold.    That  of      adopted  by  Linnams,  as  a  great  division  of  the  animal  kiog- 

in  rari-       dom,  hot  In  a  totally  different  sense. 

27 
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I  need  not  repeat  hero  what  I  have  already  stated,  in  the  first  section,  respecting 
the  primary  divisions  adopted  by  Siebold  and  Leuckari  As  to  the  classes,  I  may 
add  that  his  three  classes  of  Echinoderms  exhibit  only  ordinal  characters.  Besides 
Birds  and  Cephalopoda,  there  is  not  another  class  so  well  defined,  and  so  little 
susceptible  of  being  subdivided  into  minor  divisions  presenting  any  thing  like  class 
characters,  as  that  of  Echinoderms.  Their  systems  of  organs  arc  so  closely  homo- 
logical,  (compare  p.  183,)  that  the  attempt  here  made  by  Leuckart,  of  subdividing 
them  into  three  classes,  can  readily  be  shown  to  rest  only  upon  the  admission,  as 
classes,  of  groups  which  exhibit  only  ordinal  characters,  namely,  different  degrees  of 
complication  of  structure.  With  reference  to  the  classes  of  Worms,  the  same  is 
equally  true,  as  shown  above.  The  arrangement  of  these  animals  proposed  by  Bur- 
meister  is  certainly  more  correct  than  those  of  von  Siebold  and  of  Leuckart,  inas- 
much as  he  refers  already  correctly  the  Rotifera  to  the  class  of  Crustacea,  and  does 
not,  like  Leuckart,  associate  the  Bryozoa  with  the  Worms.  I  agree,  however,  with 
Leuckart  respecting  the  propriety  of  removing  the  Ncmertini  and  Hirudinei  from 
among  the  true  Annelides.  Again,  Burmeister  appreciates  also  more  correctly  the 
position  of  the  whole  type  of  Worms,  in  referring  them,  with  de  Blainville,  to  the 
branch  of  Articulata. 

The  common  fault  of  all  the  anatomical  classifications  which  have  been  proposed 
since  Cuvier  consists,  first,  in  having  given  up,  to  a  greater  or  less  extent,  the  funda- 
mental idea  of  the  plan  of  structure,  so  beautifully  brought  forward  by  Cuvier,  and 
upon  which  he  has  insisted  with  increased  confidence  and  more  and  more  distinct  con- 
sciousness, ever  since  1812;  and,  second,  in  having  allowed  that  of  complication  of 
structure  frequently  to  take  the  precedence  over  the  more  general  features  of  plan, 
which,  to  be  correctly  appreciated,  require,  it  is  true,  a  deeper  insight  into  the  struc- 
ture of  the  whole  animal  kingdom  than  is  needed  merely  for  the  investigation  of 
anatomical  characters  in  single  types. 

Yet,  if  we  take  a  retrospective  glance  at  these  systems,  and  especially  con- 
sider the  most  recent  ones,  it  must  be  apparent  to  those  who  are  conversant  with 
the  views  now  obtaining  in  our  science,  that,  after  a  test  of  half  a  century,  the 
idea  of  the  existence  of  branches,  characterized  by  different  plans  of  structure,  as 
expressing  the  true  relations  among  animals,  has  prevailed  over  the  idea  of  a 
gradated  scale  including  all  animals  in  one  progressive  series.  When  it  is  con- 
sidered that  this  has  taken  place  amidst  the  most  conflicting  views  respecting  classi- 
fication, and  even  in  the  absence  of  any  ruling  principle,  it  must  be  acknowl- 
edged that  this  can  be  only  owing  to  the  internal  truth  of  the  views  first  pro- 
pounded by  Cuvier.  We  recognize  in  the  classifications  of  Siebold,  Leuckart,  and 
others  the  triumph  of  the  great  conception  of  the  French  naturalist,  even  though 
their  systems  differ  greatly  from  his,  for  the  question  whether  there  are  four  or 
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more  great  plans,  limited  in  this  or  any  other  way,  is  not  a  question  of  prin- 
ciple, but  one  involving  only  accuracy  and  penetration  in  the  investigation ;  and 
I  maintain  that  the  first  sketch  of  Cuvier,  with  all  its  imperfections  of  details,  pre- 
sents a  picture  of  the  essential  relations  existing  among  animals  truer  to  nature 
than  the  seemingly  more  correct  classifications  of  recent  writers. 


SECTION  V. 

PHYSIOPHILOSOPHICAL  SYSTEMS. 

About  the  time  that  Cuvier  and  the  French  naturalists  were  tracing  the  structure 
of  the  animal  kingdom,  and  attempting  to  erect  a  natural  system  of  Zoology  upon 
this  foundation,  there  arose  in  Germany  a  school  of  philosophy,  under  the  lead 
of  Schelling,  which  extended  its  powerful  influence  to  all  the  departments  of  physical 
science.  Oken,  Kieser,  Bojanus,  Spix,  Huschke,  and  Carus  are  the  most  eminent 
naturalists  who  applied  the  new  philosophy  to  the  study  of  Zoology.  But  no 
one  identified  his  philosophical  views  so  completely  with  his  studies  in  natural 
history  as  Oken. 

Now  that  the  current  is  setting  so  strongly  against  every  thing  which  recalls 
the  German  physiophilosophers  and  their  doings,  and  it  has  become  fashionable 
to  speak  ill  of  them,  it  is  an  imperative  duty  for  the  impartial  reviewer  of  the 
history  of  science  to  show  how  great  and  how  beneficial  the  influence  of  Oken 
has  been  upon  the  progress  of  science  in  general  and  of  Zoology  in  particular. 
It  is  moreover  easier,  while  borrowing  his  ideas,  to  sneer  at  his  style  and  his 
nomenclature,  than  to  discover  the  true  meaning  of  what  is  left  unexplained  in 
his  mostly  paradoxical,  sententious,  or  aphoristical  expressions ;  but  the  man  who 
has  changed  the  whole  method  of  illustrating  comparative  Osteology,  —  who  has 
carefully  investigated  the  embryology  of  the  higher  animals,  at  a  time  when  few 
physiologists  were  paying  any  attention  to  the  subject,  who  has  classified  the  three 
kingdoms  of  nature  upon  principles  wholly  his  own,  who  has  perceived  thousands 
of  homologies  and  analogies  among  organized  beings  entirely  overlooked  before,  who 
has  published  an  extensive  treatise  of  natural  history  containing  a  condensed  account 
of  all  that  was  known  at  the  time  of  its  publication,  who  has  conducted  for  twenty- 
five  years  the  most  extensive  and  most  complete  periodical  review  of  the  natural 
sciences  ever  published,  in  which  every  discovery  mode  during  a  quarter  of  a 
century  is  faithfully  recorded,  the  man  who  inspired  every  student  with  an  ardent 
love  for  science,  and  with  admiration  for  his  teacher,  —  that  man  will  never  be 
forgotten,  nor  can  the  services  he  has  rendered  to  science  be  overlooked,  so  long 
as  thinking  is  connected  with  investigation. 
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CLASSIFICATION  OF  OK  EN. 

The  following  diagram  of  Okcn's  classification  is  compiled  from  his  Allgemeine  Naturgeschichte  ftlr  alle 
Stande,  Stuttgardt,  1833-1842,  14  vols.  8vo. ;  vol.  1,  p.  5.  The  changes  this  system  has  undergone  may 
be  ascertained  by  comparing  his  Lehrbuch  der  Naturphilosophie,  Iena,  1809-1811,  3  vols.  8vo. ;  2d  edit-, 
Iena,  1831;  3d  edit.,  Zurich,  1843;  Engl.  Ray  Society,  London,  1847,  1  voL  8vo.  —  Lehrbuch  der  Natur- 
geschichte,  Leipzig.  1813;  Weimar,  1815  and  1825,  8vo. —  Handbuch  der  Naturgcschichte  zura  Gebrauch 

bci  Vorlesungcn,  Niirnbcrg,  1816-1820,  8vo  Naturgcschichte  fUr  Schulen,  Leipzig,  1820,  1  vol.  8va, 

and  various  papers  in  the  lata. 

1st  Grade.    Intestinal  Animals  ;  also  called  Ztorfynmiraals  and  7WA-animals.    Only  one  cavity  ;  no  head 
with  a  brain,  only  the  lowest  sense  perfect,  intestines  and  skin  organs,  but  no  flesh,  that  is 
no  bones,  muscles,  or  nervous  marrow  —  InverUbroto. 
Characterized  by  the  development  of  the  vegetative  systems  of  organs,  which  are  those  of  digestion,  circula- 
tion, and  respiration.    Hence  — 

■ 

Cycle  I.    Digtitive  Animal*.  =  Radiata.    Essential  character :  no  development  beyond  an  intestine. 
Cl.  1.  Infusoria,  (Stomach  animals.)    Mouth  with  cilia  only,  to  vibrate. 
Cl.  2.  Polypi,  (Intestine  animals.)    Mouth  with  lips  and  tentacles,  to  seize. 
Cl.  3.  Acalephae,  (Lacteal  animals.)   Body  traversed  by  tubes  similar  to  the  lymphatic  vessels. 

Cycle  II.    Circulative  Animal*.  =  Mollusks.    Essential  character :  intestine  and  vessels. 
Cl.  4.  Acephala,  (Biauriculatc  animals.)    Membranous  heart  with  two  auricles. 
Cl.  5.  Gasteropoda,  (Uniauriculate  animals.)    Membranous  heart  with  one  auricle. 
Cl.  6.  Cephalopoda,  (Bicardial  animals.)    Two  hearts. 

Cycle  III.  Uttpiratiee  Animal*.  ss  Artictilata.    Essential  character :  intestine,  vessels,  and  spiracles. 

Cl.  7.  Worms,  (Skin  animals.)    Respire  with  the  skin  itself,  or  part  of  it,  no  articulated  feet. 

Cl.  8.  Crustacea,  (Branchial  animals.)    Gills  or  air  tubes  arising  from  the  horny  skin. 

Cl.  9.  Insects,  (Tracheal  animals.)    Trachea;  internally,  gills  externally  as  wings. 

2d  Grade.  Flesh  Animals  ;  also  called  ^orf-animals.  =  Vtrttbrata.  Two  cavities  of  the  body,  surrounded 
by  fleshy  walls,  (bones  and  muscles,)  inclosing  nervous  marrow  and  intestines.  Head  with 
brain ;  higheT  senses  developed.  Characterized  by  the  development  of  the  animal  systems, 
namely,  the  skeleton,  the  muscles,  the  nerves,  and  the  senses. 

Cycle  IV.    Carnal  Animal*  proper.    Senses  not  perfected. 

Cl.  10.  Fishes,  (ifowe-animals.)  Skeleton  predominating,  very  much  broken  up;  muscles  white, 
brain  without  gyri,  tongue  without  bone,  nose  not  perforated,  ear  concealed,  eyes  without 
lids. 

Cl.  11.  Reptiles,  (Jtfii*c/«-animals.)  Muscles  red,  brain  without  convolutions,  nose  perforated, 
ear  without  external  orifice,  eyes  immovable  with  imperfect  lids. 

Cl.  12.  Birds,  (AWe-aniraals.)  Brain  with  convolutions,  ears  open,  eyes  immovable,  lids 
imperfect. 

Cycle  V.    Senntal  Animal*.    All  anatomical  systems,  and  the  senses  perfected. 

Cl.  13.  Mammalia,  (.Sww-animals.)  Tongue  and  nose  fleshy,  ears  open,  mostly  with  a  conch, 
eyes  movable,  with  two  distinct  lids. 
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The  principles  laid  down  by  Oken,  of  which  this  classification  is  the  practical 
result  for  Zoology,  may  be  summed  up  in  the  following  manner:  The  grades  or 
great  types  of  Animals  are  determined  by  their  anatomical  systems,  such  as  the 
body  and  head;  or  the  intestines,  and  the  flesh  and  senses.  Hence  two  grades 
in  the  animal  kingdom  Animals  are,  as  it  were,  the  dismembered  body  of  man 
made  alive.  The  classes  of  animals  are  the  special  representation  in  living  forms 
of  the  anatomical  systems  of  the  highest  being  in  creation. 

Man  is  considered,  in  this  system,  not  only  as  the  key  of  the  whole  animal 
kingdom,  but  also  as  the  standard  measure  of  the  organization  of  animals.  There 
exists  nothing  in  the  animal  kingdom  which  is  not  represented  in  higher  combina- 
tions in  Man.  The  existence  of  several  distinct  plans  of  structure  among  animals  is 
virtually  denied.  They  are  all  built  after  the  pattern  of  Man;  the  differences 
among  them  consist  only  in  their  exhibiting  either  one  system  only,  or  a  larger 
or  smaller  number  of  systems  of  organs  of  higher  or  lower  physiological  impor- 
tance, developed  either  singly,  or  in  connection  with  one  another,  in  their  body. 
The  principles  of  classification  of  both  Cuvier  and  Ehrenberg  arc  here  entirely 
negatived.  The  principle  of  Cuvier,  who  admits  four  different  plans  of  structure 
in  the  animal  kingdom,  is,  indeed,  incompatible  with  the  idea  that  all  animals 
represent  only  the  organs  of  Man.  The  principle  of  Ehrenberg,  who  considers 
all  animals  as  equally  perfect,  is  as  completely  irreconcilable  with  the  assumption 
that  all  animals  represent  an  unequal  sum  of  organs ;  for,  according  to  Oken,  the 
body  of  animals  is,  as  it  were,  the  analyzed  body  of  Man,  the  organs  of  which 
live  singly,  or  in  various  combinations  as  independent  animals.  Each  such  com- 
bination constitutes  a  distinct  class.  The  principle  upon  which  the  orders  are 
founded  has  already  been  explained  above,  (Chap.  II,  Sect  III.,  p.  154.) 

There  is  something  very  taking  in  the  idea  that  Man  is  the  standard  of  appre- 
ciation of  all  animal  structures.  But  all  the  attempts  which  have  thus  far  been 
made  to  apply  it  to  the  animal  kingdom  as  it  exists,  must  be  considered  as  com- 
plete failures.  In  his  different  works,  Oken  has  successively  identified  the  systems 
of  organs  of  Man  with  different  groups  of  animals,  and  different  authors,  who 
have  adopted  the  same  principle  of  classification,  have  identified  them  in  still  differ- 
ent ways.  The  impracticability  of  such  a  scheme  must  be  obvious  to  any  one 
who  has  satisfied  himself  practically  of  the  existence  of  different  plans  of  structure 
in  the  organization  of  animals.  Yet,  the  unsoundness  of  the  general  principle  of 
the  classifications  of  the  physiophilosophcrs  should  not  render  us  blind  to  all  that 
is  valuable  in  their  special  writings.  The  works  of  Oken  in  particular  teem  with 
original  suggestions  respecting  the  natural  affinities  of  animals;  and  his  thorough 
acquaintance  with  every  investigation  of  his  predecessors  and  contemporaries  shows 
him  to  have  been  one  of  the  most  learned  zoologists  of  this  century. 


214 


ESSAY  ON  CLASSIFICATION. 


Part  L 


CLASSIFICATION  OF  FITZINGER. 

This  diagram  in  extracted  from  Fitzingcr's  Systema  Reptilium,  Vindohona>,  1843,  1  vol.  8vo. 

I.    Provincia.  Evkrtebrata. 

Animalia  systematuin  anatomicorum  vcgctalivorum  grudum  evolutionis  exkibvntiH. 


A.    Gradus  evolutionis 


physiologicorum  vegclativorum. 


I.  Circulu*.  Gastrozoa. 

Kvolutio  systematis  nutritionis. 
a.  Evolutio  pnevalens  b.  Evolutio  pnevalens 

systematis  digestionis.  systematis  circulation!*. 

Cl.  1.  Infusoria.  Cl.  2.  Zoophyta. 


II.  Circulus.  Puysiozoa. 

Evolutio  systematic  generationis. 
Cl.  4.  Vermes. 


Cl.  5.  Radiata. 


B.    Gradus  evolution!*  systematum  physi< 

III.  Circulus.  Derxatozoa. 
Evolutio  systematis  scnsibililalia. 

Ct.7.  Acephala.  Cl.  8.  Cephalopoda. 

IV.  Circulus.  Arthrozoa. 
Evolutio  systematic  motus. 

Cl.  10.  Crustacea.  Cl.  II.  Arachnoidcn. 

II.    Provincia.  Vertebrata. 


e.  Evolutio  prevalent 

systematis  respiralionis. 
Cl.  3.  Acalephae. 


Cl.  6.  Annulata. 


Cl.  9.  M  o  1 1  u  s  c  a . 


Cl.  12.  Insect*. 


A.  Gradus  evolutionis  systematum  physiologicorum  vegetativonim. 

a.  Evolutio  systematis  nutritionis,  siinulque  ossium  :    .    .    Cl.  13.  Pisces. 

b.  Evolutio  systematis  generationis,  simulque  musculorum :  Cl.  14.  Rcptilia. 

B.  Gradus  evolutionis  systematum  physiologicorum  animalium. 

t.   Evolutio  systematis  sensibilitatis,  simulque  nervorum:     Cl.  15.  Aves. 

rf.  Evolutio  systematis  motus.  simulque  eensuum:  .    .    .    Cl.  16.  Mammalia. 


The  fundamental  idea  of  the  classification  of  Fitzinger  is  the  name  as  that 
upon  which  Oken  has  hosed  his  system.  The  higher  divisions,  called  by  him 
provinces,  grades,  and  cycles,  as  well  as  the  classes  and  orders,  are  considered  as 
representing  either  some  combination  of  different  systems  of  organs,  or  some  par- 
ticular system  of  organs,  or  some  special  organ.  His  two  highest  groups  (provinces) 
are  the  Evertebrata  and  Vertebrata.  The  Evcrtebrata  represent  the  systems  of 
the  vegetative  organs,  and  the  Vertebrata  those  of  the  animal  organs,  as  the  Gut- 
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animals  and  the  Flesh-animals  of  Oken.  Instead,  however,  of  adopting,  like  Oken, 
anatomical  names  for  his  divisions,  Fitzinger  employs  those  most  generally  in  use. 
His  subdivisions  or  grades  of  these  two  primary  groups  are  based  upon  a  repetition 
of  the  same  differences,  within  their  respective  limit*.  The  Invertebrata,  in  which 
the  vegetative  organs  prevail,  are  contrasted  with  those  in  which  the  animal  organs 
prevail,  and  the  same  distinction  is  again  drawn  among  the  Vertebrata.  Each  of 
these  embraces  two  circles  founded  upon  the  development  of  one  particular  system 
of  organs,  etc.  It  cannot  be  expected  that  the  systems  founded  upon  such  principles 
should  present  a  closer  agreement  with  one  another  than  those  which  are  based 
upon  anatomical  differences;  yet  I  would  ask,  what  becomes  of  the  principle  itself, 
if  its  advocates  cannot  even  agree  upon  what  anatomical  systems  of  organs  their 
classes  arc  founded?  According  to  Oken,  the  Mollusks  (Acephala,  Gasteropoda,  and 
Cephalopoda)  represent  the  system  of  circulation,  at  least  in  the  last  edition  of 
his  system  he  views  them  in  that  light,  whilst  Fitzinger  considers  them  as  repre- 
senting the  system  of  sensibility.  Oken  identifies  the  Articulata  (Worms,  Crustacea, 
and  Insects)  with  the  system  of  respiration,  Fitzinger  with  that  of  motion,  with 
the  exception  of  the  Worms,  including  Radiata,  which  he  parallelizes  with  the 
system  of  reproduction,  etc.  Such  discrepancies  must  shake  all  confidence  in 
these  systems,  though  they  should  not  prevent  us  from  noticing  the  happy  com- 
parisons and  suggestions,  to  which  the  various  attempts  to  classify  the  animal  king- 
dom in  this  way  have  led  their  authors.  It  is  almost  superfluous  to  add,  that, 
great  as  the  disagreement  is  between  the  systems  of  different  physiophilosophers, 
we  find  quite  as  striking  discrepancies  between  the  different  editions  of  the  system 
of  the  same  author. 


The  principle  of  the  subdivision   of  the  classes  among  Invertebrata  is  here  exemplified  from  the 


1st  Series. 
K.  vol  in  in  pnevalcns 
sysfemalis  digestionis. 
Astoroidea. 
1.  F.ncrinnidea.  2. 

3.  Asteriiuv. 


Each 
2d  Series. 
Evoltitio  pnevalcns 
syslematis  circulationi*. 
Echinodea. 
1.  Aprocta.    2.  Echinina. 
3.  Spatangoidca. 


3d  Series. 
Evolutio  prtevalens 
ayatemalis  respirationi*. 
Scytodcrmata(  Holothurioids.) 
1.  Synaptoidea.    2.  Holothur 
S.  I'entactoideu. 


In  Vertebrata,  each  class  has  five  scries  and  each  series  three  orders;   so  in 

1st  Series.  2d  Series.  3d  Series.  4th  Series. 

Evolutio  pnevalcns    Evolutio  pra-valens     Evolutio  pnevalcns  Evolutio 


C  e  t  a  c  e  a . 
1.  Balatuxlea. 

2. 
3. 


Edentata. 

1.  Monotremala. 

2.  Lipodonta. 

3.  Tardigrada. 


Unguiculata. 

1.  Glires. 

2.  Brum. 

3.  Fenr. 


for  example :  ■ 
5th  Series. 


Primates. 
1.  Chiropteri. 
2. 
3. 
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Instead  of  considering  the  orders  as  founded  upon  a  repetition  of  the  characters 
of  higher  groups,  as  Oken  would  have  it,  Fitzinger  adopts  series,  as  founded  upon 
that  idea,  and  subdivides  them  further  into  orders,  as  above.  These  series,  however, 
have  still  less  reference  to  the  systems  of  organs,  which  they  are  said  to  represent, 
than  either  the  classes  or  the  higher  divisions  of  the  animal  kingdom  In  these 
attempts  to  arrange  minor  groups  of  animals  into  natural  series,  no  one  can  fail 
to  perceive  an  effort  to  adapt  the  frames  of  our  systems  to  the  impression  we 
receive  from  a  careful  examination  of  the  natural  relations  of  organized  beings. 
Everywhere  we  notice  such  series ;  sometimes  extending  only  over  groups  of  species, 
at  other  times  embracing  many  genera,  entire  families,  nay,  extending  frequently  to 
several  families.  Even  the  classes  of  the  same  branch  may  exhibit  more  or  less 
distinctly  such  a  serial  gradation.  But  I  have  failed,  thus  far,  to  discover  the 
principle  to  which  such  relations  may  be  referred,  as  far  as  they  do  not  rest  upon 
complication  of  structure,1  or  upon  the  degree  of  superiority  or  inferiority  of  the 
features  upon  which  the  different  kinds  of  groups  are  themselves  founded.  Analogy 
plays  also  into  the  series,  but  before  the  categories  of  analogy  have  been  as 
carefully  scrutinized  as  those  of  affinity,  it  is  impossible  to  say  within  what  limits 
this  takes  place. 

CLASSIFICATION  OF  McLEAY. 

The  great  merit  of  the  system  of  McLeay*  and  in  my  opinion  it  has  no  other 
claim  to  our  consideration,  consists  in  having  called  prominently  the  attention  of 
naturalists  to  the  difference  between  two  kinds  of  relationship,  almost  universally 
confounded  before:  affitiity  and  analogy.  Analogy  is  Bhown  to  consist  in  the  repeti- 
tion of  similar  features  in  groups  otherwise  remote,  as  far  as  their  anatomical 
characters  are  concerned,  whilst  affinity  is  based  upon  similarity  in  the  structural 
relations.  On  account  of  the  similarity  of  their  locomotion,  Bats,  for  instance,  may 
be  considered  as  analogous  to  Birds;  Whales  are  analogous  to  Fishes  on  account 
of  the  similarity  of  their  form  and  their  aquatic  mode  of  life;  whilst  both  Bats 
and  Whales  are  allied  to  one  another  and  to  other  Mammalia  on  account  of  the 
identity  of  the  most  characteristic  features  of  their  structure.  This  important  dis- 
tinction cannot  fail  to  lead  to  interesting  results.  Thus  far,  however,  it  has  only 
produced  fanciful  comparisons  from  those  who  first  traced  it  out  It  is  assumed, 
for  instance,  by  McLcay,  that  all  animals  of  one  group  must  be  analogous  to 

•  Compare  Chap.  II.,  Sect.  8,  p.  153.  those  of  the  German  physiophilosophers,  but  on 

*  I  have  introduced  the  clarification  of  McLeay  account  of  it*  general  character,  and  because  it  it 
in  this  section,  not  because  of  any  resemblance  to       based  upon  an  ideal  view  of  the  affinities  of  animals. 
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those  of  every  other  group,  besides  forming  a  circle  in  themselves;  and  in  order 
to  carry  out  this  idea,  all  animals  are  arranged  in  circular  groups,  in  such  a  manner 
as  to  bring  out  these  analogies,  whilst  the  most  obvious  affinities  are  set  aside  to 
favor  a  preconceived  view.  But  that  I  may  not  appear  to  underrate  the  merits 
of  this  system,  I  will  present  it  in  the  very  words  of  its  most  zealous  admirer 
and  self-complacent  expounder,  the  learned  William  Swainson.1 

"  The  Horae  Entomologies^1  unluckily  for  students,  can  only  be  thoroughly 
understood  by  the  adept,  since  the  results  and  observations  are  explained  in  different 
parts;  the  style  is  somewhat  desultory,  and  the  groups,  for  the  most  part,  are  rather 
indicated  than  defined.  The  whole,  in  short,  is  what  it  professes  to  be,  more  a 
rough  sketch  of  the  leading  peculiarities  of  the  great  divisions  of  animals,  and  the 
manner  in  which  they  are  probably  connected,  than  an  accurate  determination  of 
the  groups  themselves,  or  a  demonstration  of  their  real  affinities.  More  than  this, 
perhaps,  could  not  have  been  expected,  considering  the  then  state  of  science,  and 
the  herculean  difficulties  which  the  author  had  to  surmount.  The  work  in  ques- 
tion has  now  become  exceedingly  scarce,  and  this  will  be  an  additional  reason 
with  us  for  communicating  occasional  extracts  from  it  to  the  reader.  Mr.  McLeay's 
theory  will  be  best  understood  by  consulting  his  diagram;  for  he  has  not,  as  we 
have  already  remarked,  defined  any  of  the  vertebrated  groups.  Condensing,  how- 
ever, the  result  of  his  remarks,  we  shall  state  them  as  resolvable  into  the  following 
propositions:  1.  That  the  natural  scries  of  animals  is  continuous,  forming,  as  it 
were,  a  circle,  so  that,  upon  commencing  at  any  one  given  point,  and  thence 
tracing  all  the  modifications  of  structure,  we  shall  be  imperceptibly  led,  after  passing 
through  numerous  forms,  again  to  the  point  from  which  we  started;  2.  That  no 
groups  are  natural  which  do  not  exhibit  such  a  circular  series;  3.  That  the 
primary  divisions  of  every  large  group  are  ten,  five  of  which  are  composed  of 
comparatively  large  circles,  and  five  of  smaller:  these  latter  being  termed  osculant, 
and  being  intermediate  between  the  former,  which  they  serve  to  connect;  4.  That 
there  is  a  tendency  in  such  groups  as  are  placed  at  the  opposite  points  of  a 
circle  of  affinity  'to  meet  each  other;'  5.  That  one  of  the  five  larger  groups 
into  which  every  natural  circle  is  divided,  'bears  a  resemblance  to  all  the  rest,  or, 
more  strictly  speaking,  consists  of  types  which  represent  those  of  each  of  the  four 
other  groups,  together  with  a  type  peculiar  to  itself  These  are  the  chief  and 
leading  principles  which  Mr.  McLeay  considers  as  belonging  to  the  natural  system. 
We  shall  now  copy  his  diagram,  or  table  of  the  animal  kingdom,  and  then  endeavor, 
with  this  help,  to  explain  the  Bystem  more  in  detail." 

1  gWAIRMWi  (W.,)  A  Treatise  of  the  Gwgraphy  *  McLeay,  (W.  S.,)  Hone   Entomological,  or 

and  CU»i6«tion  of  Animal*,  London,  1835,  1  vol.  Essay*  on  the  Annulose  Animal*  London,  1819-21. 
12mo.,  p.  201-205.  2  vol*.  8vo. 
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~  We  must,  in  the  first  instance,  look  to  the  ahove  tabular  disposition  of  all 
animals,  as  forming  themselves  collectively  into  one  great  circle,  which  circle  touches 
or  blends  into  another,  composed  of  plants,  by  means  of  the  'least  organized  beings 
of  the  vegetable  kingdom.'  Next  we  are  to  look  to  the  larger  component  parts 
of  this  great  circular  assemblage.  We  find  it,  in  accordance  with  the  third  proposi- 
tion, to  exhibit  five  great  circles,  composed  of  the  Mollcsca,  or  shellfish ;  Acrita, 
or  polyps ;  Radiata,  or  star-fish ;  Axntlosa,  or  insects ;  and  Vertebrata,  or  verte- 
brated  animals;  each  passing  or  blending  into  each  other,  by  means  of  five  other 
groups  of  animals,  much  smaller,  indeed,  in  their  extent,  but  forming  so  many 
connecting  or  osculant  circles.1  The  number,  therefore,  as  many  erroneously  suppose, 
is  not  five,  but  ten.  This  is  quite  obvious;  and  our  opinion  on  this  point  is 
confirmed  by  the  author  himself,  in  the  following  passage,  when  alluding  to  his 
remarks  upon  the  whole :  — '  The  foregoing  observations,  I  am  well  aware,  are  far 
from  accurate,  but  they  are  sufficient  to  prove  that  there  are  five  great  circular 
groups  in  the  animal  kingdom,  each  of  which  possesses  a  peculiar  structure;  and  that 

•  In  the  original  diagram,  as  in  thai  above,  these  but  merely  indicated  by  the  names  arranged  like 
five  smaller  circle*  are  not  represented  graphically,       ray*  between  the  five  large  circle*. 
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these,  when  connected  by  means  of  five  smaller  osculant  groups,  compose  the 
whole  province  of  Zoology.'  Now  these  smaller  osculant  groups  arc  to  be  viewed 
as  circles,  for,  as  it  is  elsewhere  stated,  'every  natural  group  is  a  circle,  more 
or  less  complete.'  This,  in  fact,  is  the  third  general  principle  of  Mr.  McLeay's 
system,  and  he  has  exemplified  his  meaning  of  a  natural  group  in  the  above 
diagram,  where  all  animals  are  arranged  under  five  large  groups  or  circles,  and 
five  smaller  ones.  Let  us  take  one  of  these  groups,  the  Vertebrata:  does  that 
form  a  circle  of  itself?  Yes;  because  it  is  intimated  that  the  Reptiles  (IteptiUa) 
piss  into  the  Birds,  (Are*,)  these  again  into  the  Quadrupeds,  (Mammalia,)  Quadrupeds 
unite  with  the  Fishes,  (Pkces,)  these  latter  with  the  amphibious  Reptiles,  and  the 
Frogs  bring  us  back  again  to  the  Reptiles,  the  point  from  whence  we  started. 
Thus,  the  series  of  the  vertebrated  group  is  marked  out  and  shown  to  be  circular; 
therefore,  it  is  a  natural  group.  This  is  an  instance  where  the  circular  series 
can  be  traced.  We  now  turn  to  one  where  the  series  is  imperfect,  but  where 
there  is  a  decided  tendency  to  a  circle:  this  is  the  Mollusca.  Upon  this  group 
our  author  says,  'I  have  by  no  means  determined  the  circular  disposition  to  hold 
good  among  the  Mollusca;  still,  as  it  is  equally  certain  that  this  group  of  animals 
Is  as  yet  the  least  known,  it  may  be  improper,  at  present,  to  conclude  that  it 
forms  any  exception  to  the  rule;  it  would  even  seem  unquestionable  that  the 
Gasteropoda  of  Cuvier  return  into  themselves,  so  as  to  form  a  circular  group;  but 
whether  the  Acephala  form  one  or  two  such,  is  by  no  means  accurately  ascertained, 
though  enough  is  known  of  the  Mollusca  to  incline  us  to  suspect  that  they  are 
no  less  subjected,  in  general,  to  a  circular  disposition  than  the  four  other  great 
groups.'  This,  therefore,  our  author  considers  as  one  of  those  groups  which,  without 
actually  forming  a  circle,  yet  evinces  a  disposition  to  do  so;  and  it  is  therefore 
presumed  to  be  a  natural  group.  But,  to  illustrate  this  principle  farther,  let  us 
return  to  the  circle  of  Vertebrata.  This,  as  we  see  by  the  diagram,  contains  five 
minor  groups,  or  circles,  each  of  which  is  again  resolvable  into  five  others,  regu- 
lated precisely  in  the  same  way.  The  class  Aves,  for  example,  is  first  divided 
into  rapacious  birds,  (Rajifore*,)  perching  birds,  (Iiigessoren,)  gallinaceous  birds,  (Ru*ore*,) 
wading  birds,  (Gral/a/ore*,)  and  swimming  birds  (Xatatores) ;  and  the  proof  of  this 
class  being  a  natural  group  is,  in  all  these  divisions  blending  into  each  other  at 
their  confines,  and  forming  a  circle.  In  this  manner  we  proceed,  beginning  with 
the  higher  groups,  and  descending  to  the  lower,  until  at  length  we  descend  to 
genera,  properly  so  called,  and  reach,  at  last,  the  species;  every  group,  whether 
large  or  small,  forming  a  circle  of  its  own.  Thus  there  are  circles  within  circles, 
'wheels  within  wheels,'  —  an  infinite  number  of  complicated  relations;  but  all 
regulated  by  one  simple  and  uniform  principle,  —  that  is,  the  circularity  of  every 
group." 
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The  writer  who  can  see  that  the  Quadruped*  unite  with  the  Fishes,  and  the 
like,  and  yet  says  that  Cuvier  "was  totally  unacquainted  with  the  very  first  princi- 
ples of  the  natural  system,"  hardly  deserves  to  be  studied  in  our  days. 

The  attempt  at  representing  graphically  the  complicated  relations  which  exist 
among  animals  has,  however,  had  one  good  result;  it  has  checked,  more  and  more, 
the  confidence  in  the  uniserial  arrangement  of  animals,  and  led  to  the  construction 
of  many  valuable  maps  exhibiting  the  -  multifarious  relations  which  natural  groups, 
of  any  rank,  bear  to  one  another. 


SECTION  VI. 

EMBRYOLOGICAL  SYSTEMS. 

Embryology,  in  the  form  it  has  assumed  within  the  last  fifty  years,  is  as 
completely  a  German  science  as  the  "  Naturphilosophie."  It  awoke  to  this  new 
activity  contemporaneously  with  the  development  of  the  Philosophy  of  Nature.  It 
would  hardly  be  possible  to  recognize  the  leading  spirit  in  this  new  development, 
from  his  published  works;  but  the  man  whom  Pander  and  K.  R  von  Baer 
acknowledge  as  their  master  must  be  considered  as  the  soul  of  this  movement, 
and  this  man  is  Ignatius  Diillinger.  It  is  with  deep  gratitude  I  remember,  for 
my  own  part,  the  influence  that  learned  and  benevolent  man  had  upon  my  studies 
and  early  scientific  application,  during  the  four  years  I  spent  in  his  house,  in 
Munich,  from  1827  to  1831;  to  him  I  am  indebted  for  an  acquaintance  with  what 
was  then  known  of  the  development  of  animals,  prior  to  the  publication  of  the 
great  work  of  Baer;  and  from  his  lectures  I  first  learned  to  appreciate  the  im- 
portance of  Embryology  to  Physiology  and  Zoology.  The  investigations  of  Pander1 
upon  the  development  of  the  chicken  in  the  egg,  which  have  opened  the  series 
of  those  truly  original  researches  in  Embryology  of  which  Germany  may  justly 
be  proud,  were  made  under  the  direction  and  with  the  cooperation  of  Diillinger, 
and  were  soon  followed  by  the  more  extensive  works  of  Rathke  and  Baer,  whom 
the  civilized  world  acknowledges  as  the  founders  of  modern  Embryology. 

The  principles  of  classification  propounded  by  K.  E  von  Baer  seem  never  to 
have  been  noticed  by  systematic  writers,  and  yet  they  not  only  deserve  the  most 
careful  consideration,  but  it  may  fairly  be  said  that  no  naturalist  besides  Cuvier 
has  exhibited  so  deep  an  insight  into  the  true  character  of  a   natural  system, 

•  Paxuer,  Bdlriige  lur  Entwickelungsgewihichte  des  HUhnchens  im  Eie,  WUrtburg,  1817,  1  vol.  M. 
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supported  by  such  an  extensive  acquaintance  with  the  subject,  as  this  great  embry- 
ologist  has  in  his  ■  Schohen  und  Corallarien  zu  der  Entwickelungsgeschichte  dea 
Hiihnchens  im  Eie." 1  These  principles  are  presented  in  the  form  of  general  pro- 
portions, rather  than  in  the  shape  of  a  diagram  with  definite  systematic  names,  and 
this  may  explain  the  neglect  which  it  has  experienced  on  the  part  of  those  who 
are  better  satisfied  with  words  than  with  thoughts.  A  few  abstracts,  however, 
may  show  how  richly  the  perusal  of  his  work  is  likely  to  reward  the  reader. 

The  results  at  which  K.  E  von  Baer  had  arrived  by  his  embryological  inves- 
tigations, respecting  the  fundamental  relations  existing  among  animals,  difTered  con- 
siderably from  the  ideas  then  prevailing.  In  order,  therefore,  to  be  correctly 
understood,  he  begins,  with  his  accustomed  accuracy  and  clearness,  to  present  a 
condensed  account  of  those  opinions  with  which  he  disagreed,  in  these  words:  — 

"Few  views  of  the  relations  existing  in  the  organic  world  have  received  so 
much  approbation  as  this:  that  the  higher  animal  forms,  in  the  several  stages  of 
the  development  of  the  individual,  from  the  beginning  of  its  existence  to  its 
complete  formation,  correspond  to  the  permanent  forms  in  the  animal  series,  and 
that  the  development  of  the  several  animals  follows  the  same  laws  as  those  of 
the  entire  animal  series;  that  consequently  the  more  highly  organized  animal,  in 
its  individual  development,  passes  in  all  that  is  essential  through  the  stages  that 
are  permanent  below  it,  so  that  the  periodical  differences  of  the  individual  may 
be  reduced  to  the  differences  of  the  permanent  animal  forms." 

Next,  in  order  to  have  some  standard  of  comparison  with  his  embryological 
results,  he  discusses  the  relative  position  of  the  different  permanent  types  of  ani- 
mals, as  follows :  — 

"It  is  especially  important  that  we  should  distinguish  between  the  degree  of 
perfection  in  the  animal  structure  and  the  type  of  organization.  The  degree 
of  perfection  of  the  animal  structure  consists  in  the  greater  or  less  heteroge- 
neousness  of  the  elementary  parts,  and  the  separate  divisions  of  a  complicated 
apparatus,  —  in  one  word,  in  the  greater  histological  and  morphological  differen- 
tiation. The  more  uniform  the  whole  mass  of  the  body  is,  the  lower  the 
degree  of  perfection;  it  is  a  stage  higher  when  nerve  and  muscle,  blood  and 
cellular  tissue,  are  sharply  distinguished.  In  proportion  to  the  difference  between 
these  parts,  is  the  development  of  the  animal  life  in  its  different  tendencies;  or, 
to  express  it  more  accurately,  the  more  the  animal  life  is  developed  in  its  several 
tendencies,  the  more  heterogeneous  are  the  elementary  parts  which  this  life  brings 
into  action.    The  same  is  true  of  the  single  parte  of  any  apparatus.    That  organ- 

1  Ueber  Entwiekclungi-geschichte  «l«*r  Thiere,  Bacr,  Konigsbeig,  1828,  4to.  — See  also  Acta  Nova 
Beobachtung  und  Reflexion  von  Dr.  Karl  Ernst  von       Acad.  Leop.  Cuewr,  vol.  13,  and  Meckel's  Arch.,  182C. 
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ization  is  higher  in  which  the  separate  parts  of  an  entire  system  differ  more  among 
themselves,  and  each  part  has  greater  individuality,  than  that  in  which  the  whole 
is  more  uniform.  I  call  type,  the  relations  of  organic  elements  and  organs,  as  far 
as  their  position  is  concerned.  This  relation  of  position  is  the  expression  of  cer- 
tain fundamental  connections  in  the  tendency  of  the  individual  relations  of  life; 
as,  for  instance,  of  the  receiving  and  discharging  poles  of  the  body.  The  type 
is  altogether  distinct  from  the  degree  of  perfection,  so  that  the  same  type  may 
include  many  degrees  of  perfection,  and,  rice  rersd,  the  same  degree  of  perfec- 
tion may  be  reached  in  several  types.  The  degree  of  perfection,  combined  with 
the  type,  first  determines  those  great  animal  groups  which  have  been  called  classes.1 
The  confounding  of  the  degree  of  perfection  with  the  type  of  organization  seems 
the  cause  of  much  mistaken  classification,  and  in  the  evident  distinction  between 
these  two  relations  we  have  sufficient  proof  that  the  different  animal  forms  do 
not  present  one  uniserial  development,  from  the  Monad  up  to  Man." 
The  types  he  has  recognized  are :  — 

L  The  Peripheric  Type.  The  essential  contrasts  in  this  type  arc  between  the 
centre  and  the  periphery.1  The  organic  functions  of  life  are  carried  on  in  antag- 
onistic relations  from  the  centre  to  the  circumference.  Corresponding  to  this,  the 
whole  organization  radiates  around  a  common  centre.  There  exists  besides  only 
the  contrast  between  above  and  below,  but  in  a  weaker  degree;  that  between 
right  and  left,  or  before  and  behind,  is  not  at  all  noticeable,  and  the  motion  is 
therefore  undetermined  in  its  direction.  As  the  whole  organization  radiates  from 
one  focus,  so  arc  the  centres  of  all  the  organic  systems  arranged,  ring-like,  around 
it,  as,  for  instance,  the  stomach,  the  nerves  and  vessels,  (if  these  parts  are  devel- 
oped,) and  the  branches  extending  from  them  into  the  rays.  What  we  find  in 
one  ray  is  repeated  in  every  other,  the  radiation  being  always  from  the  centre 
outwards,  and  every  ray  bearing  the  same  relation  to  it. 

II.  The  Longitudinal  T/jte,  as  observed  in  the  Vibrio,  the  Filaria,  the  Gordius, 
the  Nais,  and  throughout  the  whole  series  of  articulated  animals.  The  contrast 
between  the  receiving  and  the  discharging  organs,  which  are  placed  at  the  two 
ends  of  the  body,  controls  the  whole  organization.     The  mouth  and  the  anus  are 


1  From  this  statement  it  is  plain  that  Baer 
has  a  very  definite  idea  of  the  plan  of  structure,  and 
that  he  has  reached  it  by  a  very  different  road  from 
that  of  Cuvicr.  It  is  clear,  also,  that  he  understands 
the  distinction  between  a  plan  and  its  execution. 
But  his  ideas  respecting  the  different  features  of 
structure  are  not  quite  so  precise.  lie  does  not 
distinguish,  for  instance,  between  the  complication 


of  structure  as  determining  the  relative  rank  of 
the  orders,  and  the  different  ways  in  which,  and  the 
different  means  with  which  the  plans  arc  executed, 
as  characteristic  of  the  classes. 

*  Without  translating  verbatim  the  descriptions 
Baer  gives  of  hU  types,  which  are  greatly  abridged 
here,  they  are  reproduced  as  nearly  as  possible  in 
his  own  words. 
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always  at  opposite  ends,  and  usually  also  the  sexual  organs,  though  their  opening 
is  sometimes  farther  forward ;  this  occurs,  however,  more  frequently  in  the  females, 
in  which  these  organs  have  a  double  function,  than  in  the  males.  When  both 
sexual  organs  are  removed  from  the  posterior  extremity,  the  opening  in  the  female 
usually  lies  farther  forward  than  in  the  male.  So  is  it  in  the  Myriapods  and 
the  Crabs.  The  Leeches  and  Earthworms  present  a  rare  exception.  The  recep- 
tive pole  being  thus  definitely  fixed,  the  organs  of  senses,  as  instrumental  to  the 
receptivity  of  the  nervous  system,  early  reach  an  important  degree  of  perfection. 
The  intestinal  canal,  as  well  as  the  vascular  stems  and  the  nervous  system,  extend 
through  the  whole  length  of  the  hotly,  and  all  organic  motion  in  these  animals 
has  the  same  prevailing  direction.  Only  subordinate  branches  of  these  organs 
arise  laterally,  and  chiefly  wherever  the  general  contrast,  manifested  in  the  whole 
length  is  repeated  in  such  a  manner  that,  for  each  separate  segment,  the  same 
contrast  arises  anew,  in  connection  with  the  essential  elements  of  the  whole  organ- 
ism Hence  the  tendency  in  these  animals  to  divide  into  many  segments  in  the 
direction  of  the  longitudinal  axis  of  the  body.  In  the  true  Insects,  undergoing 
metamorphosis,  these  segments  unite  again  into  three  principal  regions,  in  the  first 
of  which  the  life  of  the  nerves  prevails;  in  the  second,  motion;  in  the  third, 
digestion ;  though  neither  of  the  three  regions  is  wholly  deprived  of  any  one 
of  these  functions.  Besides  the  opposition  between  before  and  behind,  a  less 
marked  contrast  is  observed  in  a  higher  stage  of  development  between  above  and 
below.  A  difference  between  right  and  left  forms  a  rare  exception,  and  is  gen- 
erally wanting.  Sensibility  and  irritability  are  particularly  developed  in  this  series. 
Motion  is  active,  and  directed  more  decidedly  forward,  in  proportion  as  the  lon- 
gitudinal axis  prevails.  When  the  body  is  contracted  as  in  spiders  and  crabs, 
its  direction  is  less  decided.  The  plastic  organs  are  little  developed ;  glands,  espe- 
cially, are  rare,  and  mostly  replaced  by  simple  tubes. 

III.  The  Massive  T///>e.  We  may  thus  call  the  type  of  Mollusks,  for  neither 
length  nor  surface  prevails  in  them,  but  the  whole  body  and  its  separate  parte  are 
formed  rather  in  round  masses  which  may  be  either  hollow  or  solid.  As  the  chief 
contrast  of  their  structure  is  not  between  the  opposite  ends  of  the  body,  nor  between 
the  centre  and  periphery,  there  is  almost  throughout  this  type  an  absence  of  sym- 
metry. Generally  the  discharging  pole  is  to  the  right  of  the  receptive  one. 
The  discharging  pole,  however,  is  either  near  the  receptive  one,  or  removed  from 
it,  and  approximated  to  the  posterior  extremity  of  the  body.  As  the  tract  of 
the  digestive  apparatus  is  always  determined  by  these  two  poles,  it  is  more  or 
less  arched;  in  its  simplest  form  it  is  only  a  single  arch,  as  in  Plumatclla. 
When  that  canal  is  long,  it  is  curled  up  in  a  spiral  in  the  centre,  and  the  spiral 
probably  has  its  definite  laws.  For  instance,  the  anterior  part  of  the  alimentary 
canal  appears  to  be  alwayB  placed   under  the   posterior.     The  principal  currents 
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of  blood  are  also  in  arches,  which  do  not  coincide  with  the  medial  line  of  the 
body.  The  nervous  system  consists  of  diffused  ganglia,  united  by  threads,  the 
larger  ones  being  around  the  oesophagus.  The  nervous  system  and  the  organs 
of  sense  appear  late;   the  motions  are  slow  and  powerless. 

IV.  The  Vertebrate  Type.  This  is,  as  it  were,  composed  of  the  preceding 
types,  as  we  distinguish  an  animal  and  a  vegetative  system  of  the  body,  which, 
though  influencing  one  another  in  their  development,  have  singly  a  peculiar  typical 
organization.  In  the  animal  system,  the  articulation  reminds  us  of  the  second 
type,  and  the  discharging  and  receiving  organs  are  also  placed  at  opposite  ends. 
There  is,  however,  a  marked  difference  between  the  Articulates  and  the  Vertebrates, 
for  the  animal  system  of  the  Vertebrates  is  not  only  doubled  along  the  two  sides, 
but  at  the  same  time  upwards  and  downwards,  in  such  a  way  that  the  two  lateral 
walls  which  unite  below  circumscribe  the  vegetative  system,  while  the  two  tending 
Upward'  surround  a  central  organ  of  the  animal  life,  the  brain  and  spinal  marrow, 
which  is  wanting  in  Invertebrates.  The  solid  frame  represents  this  type  most  com- 
pletely, as  from  its  medial  axis,  the  backbone,  there  arise  upward  arches  which  close 
in  an  upper  crest,  and  downward  arches  which  unite,  more  or  less,  in  a  lower  crest 
Corresponding  to  this  we  see  four  rows  of  nervous  threads  along  the  spinal  marrow, 
which  itself  contaius  four  strings,  and  a  quadripartite  grey  mass.  The  muscles 
of  the  trunk  form  also  four  principal  masses,  which  are  particularly  distinct  in  the 
Fishes.  The  animal  system  is  therefore  doubly  symmetrical  in  its  arrangement  It 
might  easily  be  shown  how  the  vegetative  systems  of  the  body  correspond  to  the 
type  of  Mollusks,  though  influenced  by  the  animal  system. 

From  the  illustrations  accompanying  tills  discussion  of  the  great  types  or  branches 
of  the  animal  kingdom,  and  still  more  from  the  paper  published  by  K.  E.  von 
Baer  in  the  Nova  Acta,1  it  is  evident,  that  he  perceived  more  clearly  and  earlier 
than  any  other  naturalist  the  true  relations  of  the  lowest  animals  to  their  respective 
branches.  He  includes  neither  Bryozoa  nor  Intestinal  Worms  among  Radiata,  as 
Cuvier,  and  after  him  so  many  modern  writers,  did,  but  correctly  refers  the  former 
to  the  Mollusks  and  the  latter  to  the  Articulates. 

Comparing  these  four  types  with  the  embryonic  development  von  Baer  shows 
that  there  is  only  a  general  similarity  between  the  lower  animals  and  the  embryonic 
stages  of  the  higher  ones,  arising  mainly  from  the  absence  of  differentiation  in  the 
body,  and  not  from  a  typical  resemblance.  The  embryo  does  not  pass  from  one 
type  to  the  other;  on  the  contrary,  the  type  of  each  animal  is  defined  from  the 


1  Beitriigc  zur  KenntnUg  der  niedern  Thicrc, 
Nova  Acta  Acadcmix  Nature  Curio^orum,  vol.  13, 
Tart  2,  1827,  containing  «even  paper*,  upon  Aepido- 
gaater,  DUtoma,  and  others,  Cerearia,  Nitzschia,  Poly- 
stonia,  l'lanaria,  and  the  general  affinities  of  all 


animals.  These.  ■  Bcitrilge,"  and  the  papers  in  which 
Cuvier  characterized  for  the  first  time  the  four  great 
type*  of  the  animal  kingdom,  are  among  the  most 
important  contribution*  to  general  Zoology  ever 
published. 
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beginning  and  controls  the  whole  development  The  embryo  of  tbo  Vertebrate 
is  a  Vertebrate  from  the  beginning,  and  does  not  exhibit  at  any  time  a  corre- 
spondence with  the  Invertebrates.  The  embryos  of  Vertebrates  do  not  pass  in 
their  development  through  other  permanent  types  of  animals.  The  fundamental 
type  is  first  developed,  afterwards  more  and  more  subordinate  characters  appear. 
From  a  more  general  type,  the  more  special  is  manifested,  and  the  more  two  forms 
of  animals  differ,  the  earlier  must  their  development  be  traced  back  to  discern 
an  agreement  between  them.  It  is  barely  possible  that  in  their  first  beginning 
all  animals  are  alike  and  present  only  hollow  spheres,  but  the  individual  develop- 
ment of  the  higher  animals  certainly  does  not  pass  through  the  permanent  forms 
of  lower  ones.  What  is  common  in  a  higher  group  of  animals  is  always  sooner 
developed  in  their  embryos  than  what  is  special;  out  of  that  which  is  most  general 
arises  that  which  is  less  general,  until  that  which  is  most  special  appears.  Each 
embryo  of  a  given  type  of  animals,  instead  of  passing  through  other  definite  types, 
becomes  on  the  contrary  more  and  more  unlike  them.  An  embryo  of  a  higher  type 
is,  therefore,  never  identical  with  another  animal  type,  but  only  with  an  embrvo. 

Thus  far  do  the  statements  of  von  Baer  extend.1  It  is  evident  from  this,  that 
he  has  clearly  perceived  the  limitation  of  the  different  modes  of  embryonic  develop- 
ment within  the  respective  branches  of  the  animal  kingdom,  but  it  is  equally 
certain  that  his  assertions  arc  too  general  to  furnish  a  key  for  the  comparison  of 
the  successive  changes  which  the  different  types  undergo  within  their  respective 
limits,  and  that  he  is  still  vaguely  under  the  impression,  that  the  development 
corresponds  in  its  individualization  to  the  degrees  of  complication   of  structure. 


1  The  account  which  Huxley  gives  of  Beer's 
viows,  (see  Baden  Powell's  Essay*,  Appendix  7, 
p.  495,)  is  incorrect    Baer  did  not  "demonstrate 
that  the  classification  of  Cuvier  was,  in  the  main, 
simply  the  expression  of  the  fact,  that  there  are 
certain  common  plant  of  development  in  the  animal 
kingdom,"  etc,  for  Cuvier  recognized  these  plans  in 
the  $tructurt  of  the  animals,  before  Baer  traced 
their  development,  and  Baer  himself  protests  against 
an  identification  of  his  views  with  those  of  Cuvier. 
(Baer's  Entwick.,  p.  7.)     Nor  has  Baer  demon- 
strated the  "  doctrine  of  the  unity  of  organization 
of  all  animals,"  and  placed  it  "upon  a  footing  as 
secure  as  the  law  of  gravitation,"  and  arrived  at  « the 
grandest  law,"  that,  up  to  a  certain  point,  the  develop- 
ment "followed  a  plan  common  to  all  animal*."  On 
the  contrary,  Baer  admits   four  distinct  types  of 
animals,  and  four  modes  of  development    He  only 

29 


adds :  ■  It  is  barely  possible  that  in  their  first  begin- 
ning all  animals  are  alike."  Huxley  must  also 
have  overlooked  Cuvier's  introduction  to  the  «  Ri-gnc 
Animal,"  (2d  edit,  voL  1,  p.  48,  quoted  verbatim 
above, p.  1 93,)  when  he  stated  that  Cuvier  "did  not 
attempt  to  discover  upon  what  plans  animals  are  con- 
structed, but  to  ascertain  in  what  manner  the  facts  of 
animal  organizations  could  be  thrown  into  the  fewest 
possible  propositions."  On  the  contrary,  Cuvier's 
special  object,  for  many  years,  has  been  to  point  out 
these  plans,  and  to  show  that  they  are  characterized 
by  peculiar  structures,  while  Baer's  merit  consists 
in  having  discovered  four  mode*  of  development,  which 
coincide  with  the  branches  of  the  animal  kingdom, 
in  which  Cuvier  recognized  four  different  plant  of 
structure.  Huxley  is  equally  mistaken  when  he  says 
that  Cuvier  adopted  the  nervous  system  "as  the  base 
of  his  great  divisions." 
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This  could  hardly  be  otherwise,  as  long  as  the  different  categories  of  the  structure 
of  animals  had  not  been  clearly  distinguished.1 

/ 

CLASSIFICATION  OF  K.  E.  VON  I; ALII 
In  conformity  with  his  embryological  investigations,  K.  E.  voo  Baer  proposes  the  following  classification. 

I.  Peripheric  Type.    (Radiata.)    Evolutio  radiate.    The  development  proceed*  from  a  centre,  producing 

identical  parts  in  a  radiating  order. 

II.  Massive  Type.    (MollpsCa.)    Evolutio  contorta.    The  development  produces  identical  parte  curved 

around  a  conical  or  other  space. 

III.  Longitudinal  Type.     (Ait  Tier  lata.)    Evolutio  gemma.    The  development  produces  identical  parts 

arising  on  both  sides  of  an  axis  and  closing  up  along  a  line  opposite  the  axis. 

IV.  Doubly  Symmetrical  Type.    (Veutebrata.)    Evolutio  bigemina.    The  development  produces  identical 

parts  arising  on  both  sides  of  an  axis,  growing  upwards  and  downwards,  and  shutting  up  along 
two  lines,  so  that  the  inner  layer  of  the  germ  is  inclosed  below  and  the  upper  layer  above.  The 
embryos  of  these  animals  have  a  dorsal  cord,  dorsal  plates,  and  ventral  plates,  a  nervous  tube 
and  branchial  fissure*. 
1°.  They  acquire  branchial  fringes; 

a.  But  no  genuine  lungs  are  developed. 

«.  The  skeleton  is  not  ossified.    Cartilagineous  Fishes, 
j?.  The  skeleton  is  ossified.    Fishes  proper. 

b.  Lungs  are  formed.  Amphibia. 

a.  The  branchial  fringes  remain.  Sirens. 

The  branchial  fringes  disappear.    Urodcla  and  Anura. 
2°.  They  acquire  an  allantoic,  but 

a.  Have  no  umbilical  cord; 

tc  Nor  wings  and  air  sacs.  Reptiles. 
ji.  But  wings  and  air  sacs.  Birds. 

b.  Have  an  umbilical  cord.  Mammalia. 

o.  Which  disappears  early  j 

1°.  Without  connection  with  the  mother.  Monotremata. 
2°.  After  a  short  connection  with  the  mother.  Marsupialia. 
(L  Which  is  longer  persistent; 

1°.  The  yolk  sac  continues  to  grow  for  a  long  time. 
The  allantois  grows  little.    R  o  d  e  n  t  i  a . 
The  allantois  grows  moderately.  Insectivora. 
The  allantois  grows  much.  Carnivora. 
2°.  The  yolk  sac  increases  slightly. 

The  allantois  grows  little.    Umbilical  cord  very  long.    Monkeys  and  Man. 
The  allantois  continues  to  grow  for  a  long  time.     Placenta  in  simple  masses. 
Ruminants. 

The  allantois  continues  to  grow  for  a  long  time.   Placenta  spreading.  Pachyderms 
and  Cetacea. 

»  Compare  Cusp.  II.,  Sect  1  to  9. 
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CLASSIFICATION  OF  VAN  BENEDEN. 

Van  Beneden  hag  also  proposed  a  classification  based  upon  Embryology,  which  «u  first  sketched  in 
his  paper  upon  the  Embryology  of  Bryozoa:  Recherche*  eur  l'anatomio,  la  physiologie  et  l'embryogenie  dcs 
Bryozoaires,  Bruxellea,  1845,  4to.,  and  afterwards  extended  in  hi*  Comparative  Anatomy:  Anatomie  comparec, 
Bruxelles,  (without  date,  but  probably  from  the  year  1855.)  1  vol.  12mo. 

L    HrrocoTYLEDONES  or  IlrroviTELLiANB.    (Vertebrata.)    The  vitellu*  enters  the  body  from  the  ven- 
tral aide. 

Cl.  1.  Mammalia.     (Primates,  Cheiroptera,  Insect!  vora,  Rodentia,  Carnivora,  Edentata,  Pro- 

boscidca,  Cngulata,  Sirenoidea,  Cetacea.) 
Cl.  2.   Bird*.    (Psittucew,  Rapaces,  Passe  res,  Columbie,  Gallina*,  Struthiones,  Grallm,  Palmipedes.) 
Cl.  8,   Reptile*.      (Crocodili,   Chelonii,   Ophidic   Saurii,    Ptcrodactyli,    Simosauri,  Plesiosauri, 

Ichthyosauri.) 

Cl.  4.  Batrachian*.    (Lahyrinthodontes,  Peromelia,  Anura,  Urodela,  Lepidosirenia.) 
Cl.  5.   Fishes.    (Plagiostomi,  Ganoidei,  Teleostei,  Cyclostomi,  Leptocardii.) 

II.  EricoTTLEDONES  or  Epivitkllians.     (Articulata.)     The  vitellu*  enter*  the  body  from  the  dorsal 

side. 

Cl.  G.  Insects.    (Coleoptera,  Nevroptera,  Strepsiptera,  Hymenoptera,  Lepidoptera,  Diptera,  Orthop- 

tera,  Hemiptera,  Thysanura,  Parasita.) 
Cl.  7.   Myriapodes.    (Diplopoda,  Chilopoda.) 
Cl.  8.  Arachnid  e s .    (Scorpiones,  Aranes,  Acari,  Tardigrada.) 

Cl.  9.  Crustacea.    (Decapoda,  Stomapoda,  Amphipoda,  Isopoda,  Lremodipoda,  Phyllopoda,  Lophy- 
ropoda,  Xiphosura,  Siphonostuma,  Myzosionia,  and  Cirripedia.) 

III.  Allocottledomes  or  Allovitelliass.  (Mollusco-Radiaria.)   The  vitellu*  enters  the  body  neither 

from  the  ventral  nor  from  the  dorsal  side. 
Cl.  10.  Mollusca.    Including  Cephalopoda,  Gasteropoda,  Poccilopoda,  and  Brachiopoda.  (Acephala, 
Tunicata,  and  Bryozoa.) 

Cl.  11.   Worms.     (Malacopoda,  Annelides,  Siponculides,  Nemertini,  Nematodes,  Acanlhocephali, 
Scoleides,  Hirudinei.) 

Cl.  12.  Echinoderms.     (llolothuria?,  Echinide*,  Stcllerides,  Crinoides,  Trematodes,  Cestodes, 
Rotiferi,  Planarije.) 

Cl.  13.  Polyp*.     Including  Tunicata,  Bryozoa,  Anthozoa,  Alcyonaria,  and  Medusa-,  a*  orders. 

(Ctenophone,  Siphonophone,  Discophonc,  Hydroids,  Anihophorida;.) 
Cl.  14.  Rhizopods.    Only  the  genera  mentioned. 
Cl.  15.  Infusoria.    Only  genera  and  families  mentioned. 

Van  Beneden  thinks  the  classification  of  Linnams  truer  to  nature  than  either 
that  of  Cuvier  or  of  de  Blainvillc,  as  the  class  of  Worms  of  the  Swedish  naturalist 
corresponds  to  his  Allocotyledones,  that  of  Insects  to  his  Hypocotyledones,  and  the 
four  classes  of  Pisces,  Amphibia,  Aves,  and  Mammalia  to  his  Hypocotyledones. 
He  compares  his  primary  divisions  to  the  Dicotyledones,  Monocotyledons,  and 
Acotyledones  of  the  vegetable  kingdom.     But  he  overlooks  that  the  Cephalopods 
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are  not  Allocotyledones,  and  that  any  group  of  animals  which  unites  Mollusks,  Worms, 
and  Radiates  in  one  great  mass  cannot  be  founded  upon  correct  principles.  As 
to  his  classes,  I  can  only  say  that  if  there  are  natural  classes  among  animals, 
there  never  was  a  combination  of  animals  proposed  since  Linnaeus,  less  likely  to 
answer  to  a  philosophical  idea  of  what  a  class  may  be,  than  that  which  unites 
Tunicata  with  Polyps  and  Acalephs.  In  his  latest  work,  Van  Beneden  has  introduced 
in  this  classification  many  important  improvements  and  additions.  Among  the 
additions,  the  indication  of  the  orders,  which  are  introduced  in  brackets  in  the 
diagram  above,  deserve  to  be  particularly  noticed.  These  changes  relate  chiefly 
to  the  Mollusks  and  Polyps;  the  Tunicata  and  Bryozoa  being  removed  from  the 
Polyps  to  the  Mollusks.  The  Acalephs  and  Polypi,  however,  are  still  considered 
as  forming  together  one  single  class. 

The  comparison,  instituted  by  Van  Beneden  between  his  classification  of  the 
animal  kingdom  and  that  of  the  plants  most  generally  adopted  now,  leads  me  to 
call  again  attention  to  the  necessity  of  carefully  scrutinizing  anew  the  vegetable 
kingdom,  with  the  view  of  ascertaining  how  far  the  results  I  have  arrived  at 
concerning  the  value  of  the  different  kinds  of  natural  groups  existing  among 
animals,1  apply  also  to  the  plants.  It  would  certainly  be  premature  to  assume, 
that  because  the  branches  of  the  animal  kingdom  are  founded  upon  different  plans 
of  structure,  the  vegetable  kingdom  must  necessarily  be  built  also  upon  different 
plans.  There  are  probably  not  so  many  different  modes  of  development  among 
plants  as  among  animals;  unless  the  reproduction  by  spores,  by  naked  polyem- 
bryonic  seeds,  by  angiospermous  monocotylcdonous  seeds,  and  by  angiospenuous 
dicotylodonous  seeds,  connected  with  the  structural  differences  exhibited  by  the 
Acotyledones,  Gymnospermes,  Monocotyledones,  and  Dicotyledones,  be  considered  as 
amounting  to  an  indication  of  different  plans  of  structure.  But  even  then  these 
differences  would  not  be  so  marked  as  those  which  distinguish  the  four  branches 
of  the  animal  kingdom.  The  limitation  of  classes  and  orders,  which  presents  com- 
paratively little  difficulty  in  the  animal  kingdom,  is  least  advanced  among  plants, 
whilst  botanists  have  thus  far  been  much  more  accurate  than  zoologists  in  charac- 
terizing families.  This  is,  no  doubt,  chiefly  owing  to  the  peculiarities  of  the  two 
organic  kingdoms. 

It  must  be  further  remarked,  that  in  the  classification  of  Van  Beneden  the 
animals  united  under  the  name  of  Allocotyledones  are  built  upon  such  entirely 
different  plans  of  structure,  that  their  combination  should  of  itself  satisfy  any 
unprejudiced  observer  that  any  principle  which  unites  them  in  that  way  cannot 
be  true  to  nature. 


1  See  Chap.  II.,  p.  137  to  178. 
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DIAGRAM  OF  THE  DEVELOPMENT  OF  ANIMALS  BY  KOLLUvER. 

Kolliker,  (A.,)  in  hi*  Entwickclungsgeschichte  der  Cephalopoden,  Zurich,  1844,  1  vol.  4to.,  p.  175, 
has  submitted  the  following  diagram  of  the  development  of  the  animal  kingdom. 

A.    The  embryo  arise-*  from  a  primitive  part.    (Evolutio  ex  una  parte.) 

1°.  It  grows  in  two  directions,  with  bilateral  symmetry.    (Evolutio  bigemina.) 
a.  The  dorsal  plates  close  up.  Vertebrnta. 

ft.  The  dorsal  plates  remain  open  and  arc  transformed  into  limbs.    A  r  t  i  c  u  1  a  t  a . 
2°.  It  grows  uniformly  in  every  direction.    (Evolutio  radiata.)  And 
a.  Inclose*  the  embryonal  vesicle  entirely. 

a.  This  takes  place  very  early.    Gasteropoda  and  Accphala. 

(3.  This  takes  place  late.    (Temporary  vitelline  sac.)    Li  max. 
ft.  Contracts  above  the  embryonal  vesicle.    (Genuine  vitelline  sac.)  Cephalopoda. 

A.   The  whole  body  of  the  embryo  arises  simultaneously.    (Evolutio  ex  omnibus  partibus.) 
1°.  It  grows  in  the  direction  of  its  transverse  axis, 

a.  With  its  hind  body.    Itadiata.  (Echinoderms.) 
ft.  With  the  fore  body,  and 

a.  The  hind  body  does  not  grow.  Acalephs. 
p\  The  hind  body  grows  longitudinally.  Polypi. 
2°.  It  grows  in  the  direction  of  its  longitudinal  axis.  Worms. 

I  have  already  shown  how  unnatural  a  zoological  system  must  be  which  is 
based  upon  a  distinction  between  total  or  partial  segmentation  of  the  yolk.1  No 
more  can  a  diagram  of  the  development  of  animals,  which  adopts  this  difference 
as  fundamental,  be  true  to  nature,  even  though  it  is  based  upon  real  facta.  We 
ought  never  to  single  out  isolated  features,  by  which  animals  may  be  united  or  sep- 
arated, as  most  anatomists  do ;  our  aim  should  rather  be  to  ascertain  their  general 
relations,  as  Cuvier  and  K.  R  von  Baer  have  so  beautifully  shown.2  I  think  also, 
that  the  homology  of  the  limbs  of  Articulata  and  the  dorsal  plates  of  Vertebrata 
is  more  than  questionable.  The  distinction,  introduced  between  Polyps  and  Acalephs 
and  these  and  the  other  Radiates,  is  not  any  better  founded.  It  seems  also  quite 
inappropriate  to  call  the  development  of  Mollusks,  evolutio  radiata,  especially  after 
Baer  had  designated,  under  that  same  name,  the  mode  of  formation  of  the  branch 
of  Radiates,  for  which  it  is  far  better  adapted. 


1  Chap.  III.,  Sect.  1,  p.  171. 
*  The  principles  of  classification  advocated  by 
Baer  are  so  clearly  expressed  by  him,  that  I  cannot 

the  paper  already  mentioned  above,  p.  224,  especially 
now,  when  I  feel  called  upon  to  oppose  the  views  of 
one  of  his  most  distinguished  colleagues.  -  Vor  alien 
Dingen  muss  man,  um  eine  richtige  Einsicht  in  die 


gegenseitige  Verwandtschaft  der  Thicrc  zu  erlangen, 
die  verse hicdenen  Organisationstypen 
von  den  verschiedenen  Stufen  der  Aus- 

Unterschied  gcwohnlich  nicht  im  Augc  behalten  hat, 
scheint  uns  zu  den  sonderbarsten  Zusaminenstel- 
lungen  gefUhrt  zu  haben."  Beitrage,  etc.,  Acta 
Nova,  vol.  13,  p.  739. 
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CLASSIFICATION  OF  VOGT. 


L    Vertebkata.     Yolk  ventral. 

Cl.  1.  Mammalia.    1°.  Aplacentaria;  Ord.  Monotremata,  Marcupialia.  2°.  Placen- 
ta r  i  a .    Ser.  1.  Ord.  Cetaeea,  Paehydermata,  Solidungula,  Ruminantia,  and  Edentata ; 
S.  2.  Pinnipedia,  Carnivora  ;  A'.  3.  Inscctivora,  Vulitantia,  Glims,  Quadrumana,  Bimana. 
Cl.  2.  Aves.     Ser.  1.  InscsnoreR;    Ord.  Columbjp,  Owinea,  Clamatores,  Scansorcs,  Rapta- 

tores  ;   Ser.  2.  Autophagi ;   Ord.  Natatores,  Grallatores,  Galliiiacea,  Cursores. 
Cl.  8.  Reptilia.     Ord.  Ophidia,  Sauna,  Pterodactylia,  Hydrosauria,  and  Chelonia. 
Cl.  4.  Amphibia.     Ord.  Lepidola,  Apoda,  Caudata,  Anura. 
Cl.  5.  Pisces.     Ord.  Leptocardia,  Cyclostomata,  Selachia,  Ganoidea,  Teleostia. 
II.    Articilata.     Yolk  dorsal. 

Cl.  6.  Insecta.     Subcl.  1.  Ametabola;   Ord.  Aptera.     Sttbd  2.   Hcmimctabola ; 

Ord.  Hemiplera  and  Orthoptera.    Subcl.  8.  Holometabola;    Ord.  Diptera,  Lep- 
idoptera,  Strepsipteru,  Nevroptera,  Coleoptera,  Hyinenoplera. 
Cl.  7.  Myriapoda.     Only  divided  into  families. 

Cl.  8.  Arachnida.     Serte*  1.   Pycnogonida  and  Tardigrada;    Ord.  Acarina,  Arancida. 

Seriei  2.  With  three  families. 
Cl.  9.  Crustacea.     Subcl.  1.  Entomostraca;    Ord,  Cirripedia,  Parasita,  Copepoda, 
Phyllopoda,  Trilubita,  Ostracoda.     Subcl  2.  Xiphosura.     Subcl.  3.  Podoph- 
thalma;    Ord.  Stomapoda,  Decapoda.  .  Subcl.  4.  E  d  ri  o  ph  t  h  a  I  m  a ;    Ord.  Lm- 
mipoda,  Amphipoda,  Isopoda. 

III.    Ckphalopoda.    Yolk  cephalic. 

Cl.10.  Cephalopoda.     Ord.  Tetrabranchiata  and  Dibranchiata. 
IT.    Mollusca.     Irregular  disposition  of  organs. 

Cl.  II.  Cephalophora.     Subcl.  I.  Ptcropoda.     Subcl.  2.   Hetcropoda.  Subcl. 

3.  Gasteropoda;    Ord.  Branchiata  and  Pulmonata.  —  Chitonida. 
Cl.  12.  Acephala.     Subd.  1.  Brachiopoda;    Ord.  Rudista,  Brachiopoda.     Subcl  2. 

Lamellibranchia;   Ord.  Pleu 
Cl.  13.  Tunicata.     Ord.  Asciditt,  Biphora. 

Cl.  14.  Ctenophora.     Only  subdivided  into  families.  |-  MoUuscoidea. 
Cl.  15.  Bryozoa.     Ord.  Slelmatopoda,  Lophopoda. 
V.    Vermes.     Organs  bilateral. 

Cl.  16.  Annelida.     Ord.  Hirudinea,  Gephyrea,  Sooleina,  Tubicola,  Errantia. 
Cl.  17.  Rotatoria.     Ord.  Scsailia,  Natantta. 

Cl.  18.  Platyelmia.     1°.    Ord.  Cestoidca,  Trematoda.    2°.   Ord.  Planarida,  Nemertina. 
Cl.  19.  Nomatelmia.     Ord,  Gregarinea,  Acanthocephala,  Gordiacei,  Nematoidci. 
VI.    Rapiata.     Organs  radiate. 

Cl.  20.  Echinodermata.     Ord.  Crinoidea,  Stellerida,  Echinida,  Holothurida. 
Cl.  21.  Siphonophora.     Only  subdivided  into  families. 
Cl.  22.  H  y  d  r  o  m  e  d  u  s  ■ .    Not  clearly  subdivided  into  orders. 
Cl.  23.  Polypi.     Ord.  Hexactinia,  Pentactinia,  Octactinia. 

&  (  VII.  Protozoa. 

W  <  Cl.  24.  Infusoria.      < Astoma  and  Stomatoda. 

>§  (  Cl.  25.  Rhizopoda.     Ord.  Monosomatia  and  Polythalamia. 
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The  classification  of  Vogt  (Zoologische  Briefe,  q.  a.,  p.  180)  presents  several 
new  features,  one  of  which  is  particularly  objectionable.  I  mean  the  separation  ot 
the  Cephalopoda  from  the  other  Mollusks,  as  a  distinct  primary  division  of  the 
animal  kingdom  Having  adopted  the  fundamental  distinction  introduced  by  Kol- 
liker  between  the  animals  in  which  the  embryo  is  developed  from  the  whole  yolk, 
and  those  in  which  it  arises  from  a  distinct  part  of  it,  Vogt  was  no  doubt  led 
to  this  step  in  consequence  of  his  interesting  investigations  upon  Actopon,  in  which 
he  found  a  relation  of  the  embryo  to  the  yolk  differing  greatly  from  that  observed 
by  Kolliker  in  Cephalopoda.  But  as  I  have  already  shown  above,  this  cannot 
any  more  justify  their  separation,  as  branches,  than  the  total  segmentation  of  the 
yolk  of  Mammalia  could  justify  the  separation  of  the  latter  from  the  other  Verte- 
brates. Had  the  distinction  made  by  Vogt,  between  Cephalopoda  and  the  other 
Mollusks,  the  value  he  assigns  to  it,  Limax  should  also  be  separated  from  the 
other  Gasteropoda  The  assertion  that  Protozoa  produce  no  eggs,  deserves  no  special 
consideration  after  what  has  already  been  said  in  the  preceding  sections  respecting 
the  animals  themselves.  As  to  the  transfer  of  the  Ctenophora  to  the  type  of 
Mollusks,  it  can  in  no  way  be  maintained. 

Before  closing  this  sketch  of  the  systems  of  Zoology,  I  cannot  forego  the 
opportunity  of  adding  one  general  remark.    If  we  remember  how  completely  inde- 
pendent the  investigations  of  K.  E  von   Baer  were  from  those  of  Cuvier,  how 
different  the  point  of  view  was  from  which   they  treated   their  subject,  the  one 
considering  chiefly  the  mode  of  development  of  animals,  while  the  other  looked 
mainly  to  their  structure ;  if  we  further  consider  how  closely  the  general  results 
at  which  they  have  arrived  agree  throughout,  it  is  impossible  not  to  be  deeply 
impressed  with  confidence  in  the  opinion  they  both  advocate,  that  the  animal  king- 
dom exhibits  four  primary  divisions,  the  representatives  of  which  are  organized 
upon   four  different  plans  of  structure,  and   grow  up  according  to  four  different 
modes  of  development     This  confidence  is  further  increased  when  we  perceive 
that   the  new  primary  groups  which  have  been  proposed  since  are  neither  char- 
acterized by  such  different  plans,  nor  developed  according  to  such  different  modes  of 
development,  but  exhibit  simply  minor  differences.     It  Is,  indeed,  a  very  unfortu- 
nate tendency,  which  prevails  now  almost  universally  among  naturalists,  with  refer- 
ence to  all  kinds  of  groups,  of  whatever  value  they  may  be,  from  the  branches 
down  to  the  species,  to  separate  at  once  from  one  another  any  types  which  exhibit 
marked  differences,  without  even   inquiring  first  whether  these  differences  are  of 
a  kind  that  justifies  such  separations.     In  our  systems,  the  quantitative  element 
of  differentiation  prevails  too   exclusively  over  the  qualitative.     If  such  distinc- 
tions arc  introduced   under  well-sounding  names,  they  are  almost  certain  to  be 
adopted;  as  if  science  gained  any  thing  by  concealing  a  difficulty  under  a  Latin 
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or  Greek  name,  or  was  advanced  by  the  additional  burden  of  a  new  nomencla- 
ture. Another  objectionable  practice,  prevailing  quite  as  extensively  also,  consists 
in  the  change  of  names,  or  the  modification  of  the  extent  and  meaning  of  old  ones, 
without  the  addition  of  new  information  or  of  new  views.  If  this  practice  is 
not  abandoned,  it  will  necessarily  end  in  making  Natural  History  a  mere  matter 
of  nomenclature,  instead  of  fostering  its  higher  philosophical  character.  Nowhere 
is  this  abuse  of  a  useless  multiplication  of  names  so  keenly  felt  as  in  the  nomen- 
clature of  the  fruits  of  plants,  which  exhibits  neither  insight  into  vegetable  mor- 
phology, nor  even  accurate  observation  of  the  material  facts. 

May  we  not  return  to  the  methods  of  such  men  as  Cuvier  and  Boer,  who 
were  never  ashamed  of  expressing  their  doubts  in  difficult  cases,  and  were  always 
ready  to  call  the  attention  of  other  observers  to  questionable  points,  instead  of 
covering  up  the  deficiency  of  their  information  by  high-eounding  words! 

In  this  rapid  review  of  the  history  of  Zoology,  I  have  omitted  several  classi- 
fications, such  as  those  of  Kaup  and  Van  der  Hoeven,  which  might  have  afforded 
an  opportunity  for  other  remarks,  but  I  have  already  extended  this  digression 
far  enough  to  show  how  the  standards  I  have  proposed  in  my  second  chapter 
may  assist  us  in  testing  the  value  of  the  different  kinds  of  groups  generally 
adopted  in  our  classifications,  and  this  was  from  the  beginning  my  principal  object 
in  this  inquiry.  The  next  step  should  now  be  to  apply  these  standards  also  to 
the  minor  divisions  of  the  animal  kingdom,  down  to  the  genera  and  species,  and 
to  do  this  for  every  class  singly,  with  special  reference  to  the  works  of  mono- 
graphers. But  this  is  such  an  herculean  task,  that  it  can  only  be  accomplished 
by  the  combined  efforts  of  all  naturalists,  during  many  years  to  come. 
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CHAPTER  FIRST. 

THE  ORDER  OF  TESTUDINATA ;   ITS  RANK,  CLASSIFICATION,  AND 

GENERAL  CHARACTERS. 


SECTION  I. 
BANK  OF  THE  TESTCniXATA. 

The  necessity  of  reviewing  critically  the  North  American  Testudinata,1  in  order 
to  obtain  a  well-founded  standard  of  comparison  between  the  successive  changes 
in  the  development  of  those  species  whose  embryology  I  have  examined,  and  the 
full-grown  representatives  of  the  types  inhabiting  the  continent  of  North  America, 
affords  me  a  welcome  opportunity  of  testing  the  principles  of  classification  discussed 
in  the  first  part  of  this  work.  It  will  be  seen  from  this  examination  tliat,  though 
their  systematic  arrangement  requires  here  and  there  considerable  modifications, 
yet  the  progress  of  science  during  this  century  has  been  such,  that  the  changes 
I  propose  to  introduce  in  the  most  generally  adopted  classification  of  the  Testu- 
dinata are  sometimes  only  confirmations  of  modifications  already  hinted  at  by  pre- 
vious writers,  whose  opinions  have  not  been  sustained   from  want  of  satisfactory 


•  The  name  Testudinata  being  older  than  that 
of  Chelonians,  and  yet  entirely  synonymous  with  it, 
I  deem  it  necessary  to  retain  it  in  future  an  the  sys- 
tematic name  of  this  order.  The  name  Chelonians 
is,  however,  so  generally  adopted,  that  it  may  not  be 


desirable  to  discard  it  altogether  from  our  illustrations. 
I  shall  therefore  still  use  it  whenever  this  group  is 
contrasted  with  the  Saurian*  and  Ophidians,  as  they 
were  named  together,  according  to  the  name  prin- 
ciple. 
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evidence,  though  they  were  undoubtedly  led  to  their  results  by  that  instinctive 
appreciation  of  the  true  relations  among  organized  beings,  which,  in  the  history  of 
science,  is  so  often  found  to  precede  the  practical  demonstration  and  establishment 
of  final  results.  Certainly,  it  is  an  unquestionable  fact,  that  correct  views  are 
frequently  propounded  upon  subjects  of  natural  science,  the  proof  of  which,  in  the 
first  imperfect  state  of  our  knowledge,  is  still  wanting.  In  the  case  before  as,  we 
shall  see  how  the  practice  of  naturalists  has  generally  led  them  to  results  which 
have  not  been,  till  now,  susceptible  of  demonstration;  but  I  hold  that  the  possi- 
bility of  thus  accounting  in  the  end  for  views  instinctively  adopted,  and  so  often 
generally  accepted,  is  in  itself  satisfactory  evidence  that  the  principles  which  fur- 
nish the  final  demonstration  are  true  to  nature. 

It  might  seem  superfluous  here  to  show  that  the  class  of  Reptiles  belongs 
to  the  type  of  Vertebrates,  did  it  not  afTord  an  opportunity  of  showing  that  the 
definition  of  the  great  branches  of  the  animal  kingdom  given  above  is  correct. 
It  has  been  stated1  that  these  primary  divisions  did  not  reBt  upon  peculiar  struc- 
tures, upon  a  distinct  combination  of  given  systems  of  organs,  but  exclusively  upon 
a  plan  of  structure.  To  show  that  Reptiles  are  Vertebrates,  it  may  be  sufficient, 
in  practice,  to  exhibit  their  solid  internal  frame;  but  that  this  cannot  be  considered 
as  the  essential  characteristic  of  a  vcrtebratcd  animal  is  amply  proved  by  the 
fact  that  Amphioxus  no  more  has  a  skeleton,  properly  speaking,  than  the  Myxi- 
noids  and  Petromyzontes ;  yet  no  one  doubts  that  their  true  position  is  among 
Vertebrates.  Again,  in  Testudinata,  the  largest  part  of  the  skeleton  is  truly  exter- 
nal, their  bony  box  being  only  covered  by  comparatively  thin  scales  or  a  naked 
skin.  There  is,  indeed,  no  class  in  which  a  greater  diversity  of  structure  is  exhib- 
ited than  among  Reptiles ;  for,  without  mentioning  the  Batrachians,  which  constitute 
a  class  by  themselves,  what  extraordinary  difference  is  there  not  between  Snakes, 
Lizards,  and  Turtles !  To  show  that  notwithstanding  this  variety  of  structure,  these 
animals  actually  belong  to  the  branch  of  Vertebrata,  is  the  object  I  have  in 
view ;  and  if  it  can  be  shown  that  so  diversified  a  class  belongs  to  that  type,  accord- 
ing to  our  understanding  of  the  term  branch,  we  shall  have  the  required  proof 
that  our  definition  is  true  to  nature.  Now  I  have  stated  that  branches  are  founded 
upon  different  plans  of  structure.  What  is,  then,  that  plan  in  Vertebrates  which 
unites  Amphioxus,  Cyclostomes,  Sharks,  Skates,  Bony  Fishes,  Ichthyoids,  Salamanders, 
Toads,  Frogs,  Snakes,  Lizards,  Crocodiles,  Turtles,  Birds,  Whales,  Marsupials,  our  com- 
mon Quadrupeds,  Bats,  Monkeys,  and  Man,  which  includes  them  all  in  one  and  the 
same  group,  and  shows  that  group  to  be  natural? 

The  body  of  all  Vertebrates  represents  a  double  tube,  one  above  the  other, 
separated  by  a  longitudinal  axis,  and  varying  in  amplitude  and  in  form  at  dif- 

1  See  Port  I.,  Chop.  2.  Sect.  1,  p.  141-144. 
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ferent  points  of  their  longitudinal  diameter.  These  tubes  are  surrounded  by  walls, 
varying  in  thickness,  as  the  spaces  they  inclose  vary  in  size,  the  upper  one  con- 
taining the  centres  of  the  nervous  system,  the  lower  one  the  organs  through  which 
life  is  maintained;  while  the  walls,  in  connection  with  the  intervening  longitudinal 
axis,  constitute  a  locomotive  apparatus,  and  serve  also  to  sustain  the  relations  with 
the  surrounding  media. 

These  characteristics  of  the  type  of  Vertebrates  do  not  necessarily  imply  a  definite 
structure;  they  apply  as  well  to  the  imperfectly  organized  Amphioxus  as  to  Man,  for 
they  do  not  involve  the  idea  of  a  distinct  head,  nor  that  of  locomotive  appendages 
arranged  in  pairs,  nor  that  of  a  branchial  or  pulmonary  system  of  respiration,  nor  that 
of  a  heart  as  the  centre  of  circulation,  nor  indeed  any  of  those  anatomical  and  histo- 
logical differences  or  peculiarities  which  are  constantly  and,  in  my  opinion,  errone- 
ously introduced  in  the  characteristics  of  the  great  types  of  the  animal  kingdom 
The  external  development  of  the  skeleton  of  the  Turtle  no  longer  seems  an 
anomaly,  when  we  remember  that  it  forms  a  part  of  those  walls  which  surround 
the  spinal  cavity  on  the  one  hand,  and  the  abdominal  cavity  on  the  other. 

If  we  next  consider  the  Reptiles  as  a  class,  we  must  remember  that  ever  since 
Linnaeus  these  animals  have  been  considered  as  one  class.  Cuvicr,  and  with  him 
all  herpetologists,  have  agreed  in  considering  them  all  as  one  class.  We  find 
de  Blainville,  for  the  first  time,  insisting  upon  the  separation  of  the  Batrachians 
from  the  other  Reptiles  as  a  distinct  class.  This  view  has  also  been  adopted  by 
Milne-Edwards,  while  Wagler  has  separated  a  few  of  their  extinct  types,  the 
Ichthyosauri,  the  Plesiosauri,  and  the  Pterodactyli,  to  unite  them  with  the  Orni- 
thorhynchus  and  Echidna  as  one  class,  under  the  name  of  Gryphi.  The  incon- 
gruity of  this  combination  is  so  obvious,  now  that  these  fossil  animals  have  been 
described  in  such  a  masterly  manner  by  R  Owen,  that  I  will  not  dwell  upon 
its  artificial  character  here.  But  the  separation  of  the  Batrachians  from  the  other 
Reptiles  as  a  class  deserves  a  special  notice,  and  if  the  definition  I  have  given 
above  of  a  class,  as  such,  is  correct,  the  result  cannot  be  doubtful.  I  have  stated 
that  a  class  was  defined  by  the  manner  in  which  the  plan  of  structure  of  the 
branch  to  which  it  belongs  is  carried  out  I  have  condensed  that  definition  by 
saying,  that  the  limitation  of  a  class  is  a  question  of  ways  and  means.  Now, 
before  applying  this  definition  to  the  question  of  the  separation  of  Batrachians 
from  other  Reptiles,  I  would  make  two  remarks:  In  the  first  place,  that  this 
definition  was  not  made  to  suit  the  case,  but  was  arrived  at  by  a  critical  con- 
sideration of  the  foundation  upon  which  those  classes  rest,  about  whose  natural 
limits  there  have  never  existed  great  doubts  among  naturalists,  such  as  the 
class  of  Mammalia,  that  of  Birds,  that  of  Cephalopods,  that  of  Gasteropoda,  that 
of  Insects,  that  of  Crustacea,  and  that  of  Echinodenns;  in  the  second  place,  that 
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it  is  entirely  erroneous  to  consider,  as  is  universally  done,  that  the  classes  exhibit 
modifications  of  the  plan  of  structure  of  their  respective  branches. 

It  is  no  more  true  that  Fishes,  Reptiles,  Birds,  and  Mammalia  exhibit  respectively 
modifications  of  the  plan  of  structure  of  Vertebrates,  than  that  Insect*,  or  Crus- 
tacea, or  Worms  are  respectively  modifications  of  the  type  of  Articulates,  or  the 
different  classes  of  Mollusks  and  Radiates,  modifications  of  their  respective  types. 
A  Fish  is  as  truly  a  Vertebrate  as  any  Bird  or  Mammal ;  the  plan  is  not  at 
all  modified;  it  is  only  executed  in  different  ways  and  with  different  means. 
The  plan  which  characterizes  Vertebrates  is  no  more  modified  in  the  Fish  than 
in  the  Reptile;  the  plan  of  Articulates  is  no  more  modified  in  Insects  than  in 
Crustacea  or  Worms;  the  plan  of  Mollusks,  as  a  plan,  is  the  same  in  Cephalopods 
as  in  Gastcropods  and  Acephala ;  that  of  Radiates,  the  same  in  Polyps  as  in 
Acalephs  and  Echinoderms.  What,  then,  constitutes  the  difference  of  each  class 
in  the  same  branch  ?  It  is  the  manner  in  which  the  plan  of  the  branch  to  which 
they  respectively  belong  is  carried  out  They  are  respectively  characterized  by 
the  way  in  which,  and  the  means  with  which,  they  are  built  up.  The  idea  of 
radiation  which  is  inherent  in  the  plan  of  structure  of  Radiates  is  the  same  in  all 
Radiates,  in  Polyps  as  well  as  in  Medusas  and  Echinoderms ;  but  in  the  Polyps  it 
is  expressed  in  one  way,  in  the  Acaleplis  in  another,  and  in  Echinoderms  in  still 
another.  This  is  equally  true  of  all  the  other  classes,  with  reference  to  the  plan 
of  their  respective  branches.  The  different  ways  in  which,  and  the  different  means 
with  which  each  plan  is  executed  in  its  respective  classes,  go  far  to  show  that 
the  branches  themselves  are  founded  in  nature,  for  the  means  employed  in  carrying 
out  these  different  plans  in  a  variety  of  ways,  in  their  different  classes,  are  every- 
where homological,  and  homological  only  within  the  limits  of  the  same  branch. 
We  can  trace  no  true  homology  between  the  systems  of  organs  in  Vertebrates 
and  those  in  Articulates,  nor  between  these  and  those  of  Mollusks;  and  a  critical 
examination  shows  that  the  structure  of  Radiates  is  not  homological  with  that  of 
Mollusks. 

Truly  homological  systems  of  organs,  then,  more  or  less  complicated,  constitute 
class  characters;  but,  again,  these  homologies  are  only  general  as  far  as  the  branch 
is  concerned,  while  within  each  class  special  homologies  only  can  be  traced.  Had 
these  distinctions  been  made  before,  what  an  amount  of  confused  discussion  might 
have  been  spared  respecting  homologies  in  the  animal  kingdom!  I  trust  this  state- 
ment, the  correctness  of  which  may  easily  be  tested  by  a  comparison  of  the 
Batrachians  and  the  true  Reptiles,  will  put  an  end  to  the  useless  and  puerile 
attempts  to  homologize  every  point  of  ossification  in  any  class  of  the  Vertebrates 
with  some  part  or  other  of  the  skeleton  of  all  the  other  members  of  that  type. 
I  hope  also  it  may  prevent  such  fanciful  investigations  from  being  extended  into 
the  study  of  the  other  systems  of  organs. 
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Now,  to  return  to  the  question  of  the  natural  limitation  of  Reptiles,  it  must  be 
obvious  that  if  classes  differ  by  the  manner  in  which  the  plan  of  their  branch  is 
carried  out,  or  by  the  ways  and  means  employed  in  framing  their  structure,  we 
cannot  suppose  that  animals  which,  like  Batrachians,  lay  a  large  number  of  small 
eggs,  the  yolk  of  which  is  segmented  in  the  well-known  manner,  to  produce  an 
embryo,  without  amnios  and  allantoic,  undergoing  extensive  metamorphosis  after 
it  is  hatched,  furnished  with  external  gills,  which  actually  perform  respiratory  func- 
tions, even  though  they  may  disappear  at  a  later  period  of  life,  the  skin  of 
which  is  naked,  etc,1  belong  to  the  same  class  as  the  true  Reptiles,  the  skin 
of  which  is  covered  with  horny  scales,  which  lay  few,  and  comparatively  large 
eggs  surrounded  with  a  shell,  the  yolk  of  which  undergoes  only  a  superficial 
segmentation,  and  from  which  is  formed  an  embryo  inclosed  in  an  amnios,  and 
afterwards  in  an  allantois,  and  which,  after  being  hatched,  undergoes  no  marked 
transformation,  etc.  The  conclusion  that  Batrachians  and  Reptiles  constitute  two 
distinct  classes,  the  first  of  which  is  indeed  more  closely  allied  to  Fishes  than  to 
the  true  Reptiles,  is  not  only  of  great  zoological  importance,  but  has  also  the 
most  direct  bearing  upon  the  question  of  the  order  of  succession  of  Vertebrates 
in  geological  times,  and  cannot  fail  to  give  a  new  interest  to  our  investigations 
upon  this  subject,  as  well  as  to  increase  the  precision  of  our  knowledge  respecting 
the  first  appearance  of  Reptiles  upon  earth. 

It  will  indeed  be  obvious  at  once,  that  if  all  the  so-called  Reptiles  which  have 
been  mentioned  as  occurring  in  the  carboniferous  beds  and  even  in  strata  below 
the  coal,  belong  to  the  class  of  Batrachians  and  not  to  that  of  genuine  Reptiles, 
the  inference  to  be  drawn  from  the  presence  of  such  animals  during  these  ancient 
geological  periods  cannot  be  the  same,  and  instead  of  leading  to  the  assumption 
that  conditions  of  existence  similar  to  those  which  sustain  our  Reptiles  prevailed 
as  far  back  as  these  remains  are  found,  we  shall  only  have  the  evidence  that 
the  conditions  essential  to  the  life  of  Batrachians,  but  not  to  that  of  true  Reptiles, 
were  established  then. 

After  this  separation  of  the  Batrachians  from  the  true  Reptiles,  we  have  only 
three  orders  left  in  the  class  of  Reptiles  proper:  the  Ophidians,  the  Saurians,  tind 
the  Chelonians.  It  would  lead  me  too  far  from  my  immediate  subject,  were  I  to 
examine  here,  whether  this  is  the  most  natural  subdivision  of  Reptiles  into  orders. 
I  shall  limit  myself,  therefore,  to  the  consideration  of  the  Chelonians  alone,  remark- 
ing only,  that  whether  this  division  be  natural  or  not,  whether  we  include  the 
Crocodilians  in  the  same  order  as  the  true  Lizards,  or  whether  we  regard  them 
with  their  fossil  representatives  as  a  distinct  order,  or  whether  we  consider  the 

1  Ste  further  details  in  any  anatomical  text-book. 
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Ichthyosauri,  the  Plesiosauri,  the  Pterodactyli,  the  Dinosauri,  etc.,  as  constituting 
several  additional  orders,  these  groups,  as  zoological  divisions,  have  in  themselves 
the  character  of  orders,  that  is  to  say,  they  exhibit,  when  compared  with  one 
another,  various  degrees  of  complication  of  their  structure,  and  stand,  with  refer- 
ence to  one  another,  higher  or  lower.  It  cannot  he  doubted,  for  instance,  that 
compared  with  Lizards,  the  Snakes  are  an  inferior  group,  and  that  the  Chelonians, 
in  which  the  different  regions  of  the  body  are  so  distinctly  marked  and  in  which 
the  head  for  the  first  time  acquires  a  greater  movability  upon  the  neck,  stand 
above  the  others,  approaching  indeed,  in  many  respects,  the  class  of  Birds,  especially 
the  lower  families  of  aquatic  Birds,  both  in  their  form  and  in  their  mode  of 
existence. 

Now,  this  gradation,  acknowledged  by  all,  inasmuch  as  all  herpetologists  place 
the  Chelouians  at  the  head  of  this  class  and  next  to  them  the  Saurians,  while 
the  Ophidians  occupy  a  lower  position,  will  serve  as  an  illustration  of  my  definition 
of  orders  as  natural  groups,  characterized  by  the  different  degrees  of  complication  of 
the  special  structure  of  their  class,  which  complications  determine  their  relative  rank 
or  standing.  I  would  not,  however,  in  this  connection  forget  that  some  naturalists, 
Strauss1  among  others,  have  of  late  considered  the  Chelonians  as  a  distinct  class, 
and  not  as  an  order  among  Reptiles.  Now,  let  us  apply  the  test  of  our  rules 
to  this  suggestion,  remembering  here  again  that  these  rules  have  been  drawn  from 
those  classes  of  the  animal  kingdom,  such  as  the  Echinoderms,  Acalephs,  and  Polyps, 
in  which  the  orders  are  still  more  distinctly  marked  out  in  nature  than  in  the 
one  now  under  consideration. 

To  constitute  a  class  apart  from  Ophidians  and  Saurians,  the  structure  of 
Chelonians  ought  to  be  built  up  in  a  different  way  and  with  different  means  from 
that  of  Saurians  and  Ophidians.  And  now,  is  this  the  case?  The  Chelonians, 
like  Saurians  and  Ophidians,  undergo  a  development  so  identical,  that  we  need 
only  compare  the  investigations  of  Rathke  upon  that  subject  with  those  contained 
in  this  volume,  to  settle  any  doubts  on  that  point  And  as  to  structure,  what 
difference  is  there,  except  differences  in  complication  of  structure,  between  Ophidians, 
Saurians,  and  Chelonians,  both  in  their  nervous  systems  and  organs  of  senses, 
in  their  locomotive  apparatus  and  in  their  intestines?  Is  not  even  the  skeleton 
truly  homologieal  in  all  of  them?1  We  cannot  fail,  therefore,  to  consider  the 
view  as  fully  sustained,  that  Chelonians  represent  an  order,  and  nothing  but  an 
order,  in  the  class  of  true  Reptiles. 


1  StltArss-Dl  rkiieim,  (II.,)  Thvologie  de  la  Na- 
ture, Paris,  1852,  3  vols.  8vo.  j  vol  1,  p.  99  and  398. 

*  For  further  evidence  that  the  structure  of  the 
Chelonians  is  truly  homologieal  with  that  of  Saurians 


and  Ophidians,  and  that  the  position  of  their  limbs 
and  the  frame  of  their  shield  docs  not  place  them 
in  an  exceptional  position,  with  reference  to  the 
other  Reptile?,  see  below,  Sect.  6  of  this  chapter. 
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Whatever  be  the  name  admitted  to  designate  this  remarkable  group  of  the 
animal  kingdom,  and  whatever  be  the  rank  or  dignity  assigned  to  it,  whether 
simply  considered  as  a  genus,  or  a  family,  or  an  order,  all  naturalists,  with  the 
exception  of  Strauss,1  agree  in  regarding  the  Turtles  as  a  natural  division  in  the 
class  of  Reptiles.  They  differ  only  with  respect  to  its  standing  in  the  class,  the 
extremes  of  opinion  being  between  Linnaeus,  who  admits  it  only  as  a  genus,  and 
Strauss-Durkheim,  who  considers  it  as  a  distinct  class.  We  have  already  seen 
that  the  correct  view  is  that  which  considers  it  as  an  order.1 

It  is  more  difficult  to  determine  the  value  of  the  minor  groups  into  which 
the  Testudinata  have  been  subdivided.  Without  entering  into  more  details  upon 
the  subject  than  are  found  in  most  works  on  Ilerpetology,  we  shall  hardly  be 
able  to  form  a  just  estimate  of  the  real  value  of  all  these  divisions,  especially  as 
few  authors  agree  upon  this  point  with  one  another.  Linnaeus,  for  instance,  unites 
all  the  Turtles  he  knew  in  one  genus,  including  the  marine  as  well  as  the  fresh- 
water and  land  species.  Brongniart,*  for  the  first  time,  considers  them  as  a  distinct 
order,  under  the  name  a  Ciielo.viexs,"  and  divides  them  into  three  genera:  Testudo, 
Emys,  and  Chelonia.  Cuvier,  a  few  years  later  in  his  "Regne  Animal,"  enumerates 
five  genera  in  that  order,  but  without  any  further  divisions.  Oppel,4  as  early  as 
1811,  before  enumerating  the  genera,  introduces  two  higher  divisions,  under  the 
names  of  Chelonii  and  Amyda)  for  those  Turtles  which  have  oar-like  or  paddle 
feet,  and  those  in  which  the  fingers  are  distinguishable.  These  divisions  of  Oppel 
correspond   to  the  sections  Pinnata  and  Digitata  of  Merrem  and  Bell.6  Gray,* 


1  Compare  Part  II.,  Chap.  I.,  Sect.  1,  p.  210. 

*  The  various  name*  applied  by  different  author* 
to  this  order,  are:  Testudixata,  Klein,  Quadrup. 
Disp.  Lipsue,  1751;  .nil  |  i  1  by  Oppel  in  1811; 
by  Merrem  in  1820;  by  Fitxingcr  in  182C;  by  Bell 
in  1828;  by  Bonaparte  in  1832;  by  LeConte  in  1851. 
TttTUDDrn,  adopted  by  Wngler  in  1830.  Che- 
lon'II,  proposed  by  Brongniart  in  1800  ;  adopted  by 
Cuvier  in  1817;  by  Gray  in  1825;  by  Wiegmann 
in  1832;  by  Dumeril  and  Bibron  in  1835;  by 
Bonaparte  in  1836;  by  Holbrook  in  1812.  Forxi- 
Cata,  proposed  by  I  la  wort  li  in   1825.  Sterri- 

31 


Chkotes,  proposed  by  Ritgen  in  1828.  TrLOPODA, 
pro|Ki«->d  by  F.  Meyer  in  1849. 

'  Broxgxiart,  (Al.,)  Essay  d'une  Classification 
naturelle  des  Reptile*,  Paris,  1805,  4to. 

4  Oi'i'EL,  (M.,)  I>io  Ordnungen,  Familien  und 
Gattungen  der  Reptilien,  Miinchen,  1811,  1  vol.,  8vo. 

*  Merrem,  (B.,)  Tentamen  Systematic  Amphi- 
bionim,  Marburg,  1820,  1  vol.,  8va —  Bell,  (Tii.,) 
Characters  of  the  Order,  Familien,  and  Genera  of 
Testudinata,  Zool.  Journal,  1828. 

•  Grat,  (J.  E..)  A  Synopai*  of  the  Genera  of 
Reptiles  and  Amphibia,  Annals  of  Philosophy,  1825. 
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without  acknowledging  these  higher  divisions,  admits  five  families:  Cheloniada?, 
Sphargidic,  Trionicidsc,  Emydiduo,  and  Testudinida?,  as  does  also  Bell,  though  this 
author  divides  these  families  between  the  two  sections  first  introduced  by  Oppel, 
admitting  however,  for  them,  the  names  proposed  by  Merrem. 

Fitzinger1  has  also  five  families  in  the  order  of  Chelonians,  but  these  do  not 
exactly  agree  with  those  of  Gray  and  Bell,  for  he  unites  the  Sphargidib  and  the 
Chelonidte,  but  he  adds  another  family  under  the  name  of  Chelydoidca.  Ritgen* 
admits,  above  the  genera,  three  primary  sections,  Eretmochelones,  Phyllopodochelones, 
and  Podochelones ;  and  so  does  also  Wagler,*  though  he  changes  the  names  of 
Ritgen  into  Oiacopodes,  Steganopodes,  and  Tylopodes,  calling  them  tribes,  while 
the  whole  order  is  considered  as  including  a  single  family.  F.  Meyer4  admits  the 
same  three  subdivisions  of  his  Tylopoda,  (Testudinato,)  but  he  gives  them  again 
new  names.  Wiegmann*  divides  the  Testudinata  into  five  families,  without  higher 
groups,  namely,  Chelonae,  Chersiiue,  Emydae,  Chelyda?,  Chilota?.  Swainson9  admits 
also  five  families,  but  with  still  different  limits.  Prince  Canino,7  on  the  contrary, 
admits  three  families  and  four  sub-families,  but  his  three  families  do  not  correspond 
to  the  three  sections  or  tribes  of  Wagler,  as  he  unites  the  land  and  fresh-water 
Turtles  into  one  family,  while  he  considers  the  Trionychidas  as  a  distinct  family, 
which  both  Ritgen  and  Wagler  place  with  the  common  fresh-water  Turtles.  The 
land  and  fresh-water  Turtles  are  to  Canino  only  sub-families.  Dume'ril  and  Bibron 
admit  four  families,  Thalassites,  Potamides,  Elodites,  and  Chersites,  and  two  sub- 
families.8 

These  apparently  most  discrepant  classifications,  if  we  judge  them  merely  by 
the  different  names  employed  by  their  authors,  have  in  themselves  more  similarity 
than  would  at  first  appear.  For  instance,  the  three  genera  of  Brongniart  corre- 
spond to  the  three  sections  or  tribes  of  Ritgen  and  of  Wagler;   the  three  fuini- 


Nolice  that  though  Gray  admits  five  families  in  1831 
ait  in  1823,  he  limit*  them  diflercntly  in  the  second 
than  in  the  first  Synopsis. 

•  Fitzisger,  (L.  J.,)  Neue  Classification  dor 
Reptilion,  Wicn,  182C,  1  vol.,  4to. ;  we  also  his 
Sy sterna  Reptilium,  Vindoborup,  1843,  1  vol.,  8vo. 

■  Ritokx,  (P.  A.,)  Versuch  eincr  multi-lichen 
Eintheilung  der  Amphibien,  Nova  Acta  Nat.  Cur., 
1828,  vol.  14. 

•  Wagler.  (J..)  Naturliches  System  der  Amphi- 
bien, etc,  Munchen  und  Stuttgart,  1830,  1  vol.  8vo. 
Atlas  folio. 

•  Meyer,  (Fit.  I.  C.,)  System  de»  Thicrreichi,  etc., 
Vcrhandl.  Nat.  Ver.  Rhcinl.,  1841). 


'  Wiegmakx,  (A.  F.  A.,)  und  Rem,  (J.,) 
Handbuch  der  Zoologic,  lierlin,  1832,  1  vol.,  8vo. 
The  Reptiles  are  by  Wicgmann. 

•  Swainson,  (W..)  Natural  History  and  Classi- 
fication of  Fishes,  Amphibians,  and  Reptiles,  London, 
1838-39.  2  vols.,  12mo.  These  volumes  form  |>art 
of  Dr.  Lardner's  Cabinet  Cyclopedia. 

•  Bosai'arte,  (C.  LrciAX,  1'rixce  of  Canixo.) 
Saggio  di  una  distribuzione  metodica  degli  Animali 
Vertebrati,  Homa,  1832,  8vo.  j  see  alto  but  Chelo- 
niorum  Tabula  analytica,  Romn%  1836. 

•  Dumkrii.,  (A  M.  C,)  et  BttiRox,  (C)  Erpe- 
tologie  generole,  ou  IlUtoirc  nnturelle  complete  des 
Reptile?,  Paris,  1830,  et  seq.,  vol.  1. 
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lies,  with  two  Hub-families  of  Canino,  correspond  exactly  to  the  four  families  of 
DumeYil  and  Bibron,  the  difference  lying  only  in  the  separation,  as  families,  of 
the  Chersites  and  Elodites  by  Duine'ril  and  Bibron,  while  they  constitute  two  sub- 
families of  the  Tcstudinidas  of  Canino.  Again,  the  Chersites,  the  united  Potamides 
and  Elodites  of  Dumeril  and  Bibron  and  their  Thalassites  represent  the  divisions 
of  Ritgen  and  Wagler.  I  do  not  mean  by  this  to  say,  that  the  separation  of 
the  Potamides  and  Elodites  is  not  natural,  but  only  to  allude  to  the  fact  that 
DumcYil  and  Bibron's  Thalassites  correspond  exactly  to  Ritgen's  Eretmochelones  and 
to  Wagler's  Oiacopodes,  while  their  Chersites  answer  to  Ritgen's  Podochelones  and 
to  Wagler's  Tylopodes,  the  Potamides  and  Elodites  of  the  French  hcrpctologists 
corresponding  together  to  the  Phyllopodochelones  and  Steganopodes  of  the  two 
German  writers. 

The  agreement,  and  the  discrepancies  between  these  different  systems,  then, 
consist  in  this,  that  Oppel  and  Merrem  and  with  them  Bell,  admit  two  higher 
subdivisions  in  the  order  of  Testudinata,  those  with  oar-like  feet  and  those  with 
distinct  fingers,  while  Ritgen  and  Wagler  admit  three,  distinguishing  between  those 
the  visible  fingers  of  which  are  webbed,  and  those  in  which  they  arc  entirely 
separated,  while  Dum6ril  and  Bibron  introduce  a  farther  distinction  between  those 
with  webbed  feet  and  a  scaly  body  and  those  with  a  naked  carapace,  the  Emyds 
proper  and  the  Trionyx.  Canino  maintains  this  distinction  between  the  naked 
and  scaly  fresh-water  Turtles,  but  as  he  unites  all  the  scaly  ones  together,  whether 
their  fingers  are  webbed  or  not,  his  division  includes  the  Chersites  of  Duine'ril 
and  Bibron  as  well  as  their  Elodites.  The  sub-families  which  Duine'ril  and  Bibron 
introduce  among  the  Elodites  are  founded  upon  the  mode  of  motion  of  the  neck, 
which  exhibits  differences  already  noticed  by  Wagler  in  1830.  Bell,  Gray,  and 
Fitzinger,  who  have  a  still  larger  number  of  groups  which  they  call  families,  have 
founded  them  upon  the  same  features  which  have  led  Duine'ril  and  Bibron  to 
subdivide  the  Elodites.  I  do  not  here  speak  of  the  classifications  of  Fleming1 
and  Latreille*  which  are  too  artificial  to  deserve  special  notice. 

Beyond  these  divisions,  all  authors  mention  only  genera  nnd  sub-genera.  Now, 
it  must  be  obvious,  from  the  agreement  of  all  these  writers  in  some  points  of 
their  subdivisions  of  the  Testudinata,  that  this  order  is  not  so  homogeneous  as  to 
exclude  higher  divisions  than  genera  in  its  classification.  The  point  on  which  all 
agree  is,  the  separation   of  the  Turtles  with  oar-like,  natatory  organs  of  locomo- 


*  Fleming,  (.1.,)  The  Philosophy  of  Zoology, 
London,  1822,  2  vols.,  8vo.,  divides  the  Ciikloxra, 
as  he  calls  the  Testudinata,  into  those  with  n  movable 
and  those  with  an  immovable  sternum. 


»  Latrkillk,  (P.  A.,)  Families  naturelles  du 
regne  animal,  Paris,  1825,  1  vol.,  8vo.,  divide*  the 
Chki.onians  into  those  which  ran  retract  their  leg*, 
Cryptopodes,  and  those  which  cannot,  Gymnopodes. 
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tion  from  the  rest  of  the  order,  in  the  farther  subdivision  of  which  we  find, 
however,  the  greatest  discrepancy  among  modern  herpetologists.  But,  whether  we 
subdivide  the  digitated  Chelonians  of  Oppel  and  Merrem  into  two,  or  three,  or 
more  natural  groups,  the  question  at  once  arises,  how  these  groups  shall  be  called, 
whether  they  are  sections,  sub-orders,  families,  or  tribes,  names  which  in  the  chaos 
now  prevailing  in  nomenclature  might  seem  equally  applicable  to  all  and  any  of 
them,  or  whether  nature  points  out  a  real  difference  between  them.  Let  us 
consider,  in  the  first  place,  the  more  extensive  of  these  groups,  such  as  they  are 
admitted  by  Oppel  under  the  names  of  Cuelomi  and  Amyu.e,  and  by  Merrem  and 
Bell  under  the  names  of  Pinnata  and  Digitata.  What  do  they  indicate  ?  A  differ- 
ence in  the  mode  of  locomotion,  that  is  to  say,  a  structural  difference,  and  that 
difference  is  of  such  a  kind  that,  whether  consciously  or  unconsciously,  all  authors 
have  regarded  those  Turtles  which  have  pinnate  limbs  as  inferior  to  those  in  which 
the  fingers  arc  distinct  We  find,  at  least,  that  in  all  works  in  which  the  animnl 
kingdom  is  arranged  in  a  descending  order,  the  digitated  Testudinata  are  mentioned 
first,  the  pinnate  last,  and  where  these  are  subdivided,  as  they  have  been  by 
Ritgen,  Wagler,  Dume'ril  and  Bibron,  and  Canino,  those  with  club  feet  are  placed 
above  those  with  webbed  fingers.  Their  intention  is  therefore  evident,  to  mark 
the  respective  rank  of  the  Testudinata  in  these  subdivisions  of  the  order,  a  grada- 
tion which  is,  however,  not  founded  upon  differences  in  the  whole  structure,  but 
only  on  such  as  are  prominently  marked  in  some  parts  of  the  body.  In  as  far 
then  as  this  is  correct,  these  divisions  all  partake  of  the  character  of  orders; 
they  are  akin  to  what  we  have  called  orders,  inasmuch  as  orders  are  founded 
upon  the  gradation  or  complication  of  structure,  but  they  are  not  real  orders, 
inasmuch  as  that  gradation  does  not  extend  to  all  the  organic  systems  of  their 
structure.  At  least,  it  is  neither  so  extensive  as  to  afford  a  means  of  com- 
parison of  any  of  them  singly  with  any  other  order  of  the  class,  without  involv- 
ing the  enumeration  of  characters  common  to  all ;  nor  is  the  element  of  form, 
which  is  so  important  in  the  characteristics  of  families,  introduced  distinctly  in  any 
of  these  minor  groups. 

We  am,  therefore,  consider  these  divisions  only  as  sub-orders;  and  the  precision 
with  which  their  gradation  can  be  pointed  out  from  the  Thalassites  through  the  Pota- 
mides  and  Hodites  to  the  Chersites  leaves  no  doubt  in  my  mind  that,  whether 
two  general  groups  are  to  be  adopted  under  the  head  of  Testudinata,  as  Oppel, 
Merrem,  and  Bell  recognize,  or  three,  as  Ritgen  and  Wagler  admit,  or  three  com- 
bined in  the  manner  in  which  Canino  has  them,  or  four,  as  DumeVil  and  Bibron 
have  them,  these  divisions  must  be  considered  as  sub-orders,  since  they  express 
a  gradation  within  the  order,  or,  in  other  words,  are  founded,  under  certain  limi- 
tations, upon  characters  of  the  same  kind  as  those  on  which  the  whole  order  is 
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founded,  though  these  characteristics  are  confined  to  certain  parts,  instead  of  extend- 
ing to  the  whole  organization. 

The  next  question  which  we  have  to  consider  here  is,  whether  these  suli-orders 
exhaust  the  natural  subdivisions  existing  between  the  order  and  the  genera;  or, 
in  other  words,  whether  in  this  class  the  orders  coincide  with  the  families  or  not, 
for  we  have  not  yet  examined  the  question  whether  every  order  has  necessarily 
more  than  one  family  or  not  My  remarks  in  the  third  chapter  of  the  first 
part  of  this  work  can  leave  no  doubt  that  each  of  the  four  branches  of  the  animal 
kingdom  contains  several  classes,  for  we  have  seen  that  every  one  of  them  dis- 
plays the  plan  of  structure  on  which  it  is  founded,  as  carried  out  in  different 
ways  and  with  different  means.  But  we  have  seen  from  a  supposed  case,  that 
if  such  a  class  included  only  a  few  species,  or  even  several  genera,  or  perhaps 
one  or  more  families,  there  might  be  no  foundation  for  a  distinction  of  orders, 
if  all  these  species,  genera,  and  families  presented  only  such  a  diversity  of  ultimate 
structure  and  such  modifications  of  form  as  would  not  distinctly  indicate  among 
them  a  difference  of  rank,  an  appreciable  gradation.'  But  where  a  class  contains 
groups  in  which  such  differences  as  mark  gradation  and  rank  are  clearly  percep- 
tible, then  we  have  distinct  orders,  even  should  these  orders  coincide  with  the 
limits  of  the  families,  that  is  to  say,  be  combined  with  such  modifications  of 
form  that,  though  expressing  a  gradation,  these  groups  would  correspond  with  the 
characters  upon  which  families  are  to  be  founded.  Now  it  remains  for  us  to 
examine  whether  this  is  the  case  among  Testudinata ;  and  since  the  Chelonii 
constitute  so  natural  a  sub-order,  when  contrasted  with  the  Trionychida?,  the  Emy- 
doida?,  and  the  Testudinina,  we  may  select  it  as  a  test  of  the  existence  of  sub- 
orders in  nature,  and  we  shall  afterwards  extend  our  remarks  to  the  other  minor 
groups  with  the  view  of  ascertaining  how  many  divisions  of  this  kind  there  truly 
are  in  the  order  of  Testudinata. 

Ever  since  naturalists  have  attempted  to  subdivide  the  Testudinata,  those  with 
pinnate  limbs  have  been  considered  as  a  natural  group,  raised  by  most  to  the  dig- 
nity of  a  family,  and  embracing,  in  all  modern  classifications  at  least,  two  genera, 
Chelonia  and  Sphargis,  though  some  authors  subdivide  farther  Chelonia  into  several 
genera,  and  even  go  so  for  as  to  consider  Sphargis  and  Chelonia  proper  as  the 
types  of  distinct  families.  Now,  whether  that  group  contains  one  or  two  families, 
it  unquestionably  exhibits  very  great  uniformity  of  structure  as  n  group,  when 
compared  to  the  other  Testudinata.  In  the  first  place,  the  dermal  ossification 
remains  imperfect;  next  tne  limbs  preserve  through  life  a  character  which  is  uni- 
form in  Testudinata,  as  long  as  their  development  is  not  complete,  that  is  to  say, 

1  See  Part  I.,  Chap.  1,  Sect  1,  p.  5-7. 
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they  retain  undivided  fingers,  such  as  the  embryos  have,  even  exaggerating  this 
feature,  in  the  adult,  into  an  elongated  paddle  for  the  anterior  limbs.  Chelonii  con- 
stitute, then,  the  lowest  sub-order  in  the  order  of  Testudinata;  and  it  will  presently 
be  seen  that  its  characters  are  not  derived  from  the  form  of  its  representatives. 
Those  who  arc  sufficiently  conversant  with  the  subject  will  be  aware  that  when 
characters  derived  from  the  form  have  been  added  to  the  other  characters  in  order 
to  distinguish  the  Chelonii,  they  have  answered  but  indifferently ;  indeed,  the  form 
of  Sphargis  and  that  of  Chelonia  differ  much  more  than  that  of  Emydoidaj  compared 
with  Tcstudinina.  The  scaly  Chelonii,  the  Chelonioida)  proper,  have  their  shield 
more  or  less  heart-shaped,  and  the  posterior  angle  is  not  prolonged  into  a  projecting 
point  extending  far  over  the  tail,  as  is  the  case  among  the  naked  Chelonii,  the 
Sphargididas.  For  this  and  other  reasons  which  it  would  be  superfluous  to  mention 
here,  as  my  object  is  not  now  to  characterize  every  group  of  Testudinata  minutely, 
I  hold  that  Chelonioida?  proper  and  Sphargididoe,  which  differ  by  their  form,  are  two 
distinct  families  in  the  sub-order  of  Chelonii,  and  that  this  sub-order  exhibits  struc- 
tural features  of  inferiority  when  contrasted  with  the  other  Testudinata.  Gray  and 
Bell,  in  their  early  publications,  had,  in  my  opinion,  correctly  distinguished  Sphargidae 
and  Chelonidre1  as  families,  even  though  they  afterwards  gave  up  that  distinction 
and  placed  them  incorrectly  upon  one  level  with  Trionyx,  Emys,  and  Testudo.  In 
this  respect,  Fitzinger  presented  this  matter  in  a  more  correct  light  when,  like 
Oppel,  he  contrasted  the  united  Chelonii  with  the  other  groups  of  the  order;  but 
I  believe  he  was  mistaken  in  urging  the  reunion  of  the  families  of  Sphargida?  and 
Chelonida?.  If  the  view  which  I  have  presented  of  the  case  is  correct,  the  marine 
Turtles  would  constitute  a  sub-order,  for  which  a  variety  of  names  hud  been 
proposed:  that  of  Pterodactyli  by  Fr.  Meyer,  that  of  Thalassites  by  Dum6*ril  and 
Bibron,  that  of  Oiacopodes  by  Waglcr,  that  of  Eretmochelones  by  Ritgen,  that  of 
Piunata  by  Merrem,  and  that  of  Chelonii  by  Oppel,  all  of  which  are  perfectly 
synonymous.  That  of  Oppel,  which  is  the  oldest,  having  been  proposed  in  1811, 
should  have  made  all  the  others  superfluous,  and  ought  now  to  be  retained.  This 
sub-order  includes  two  families,  the  Chelonioidrc  and  the  Sphargidida?,  as  these  differ 
in  form.     Their  characteristics  are  fully  illustrated  in  the  next  chapter. 

The  scarcity  of  Trionyx  in  European  museums  seems  to  have  prevented  so  accu- 
rate a  Btudy  of  that  group  as  of  the  others.  It  is,  at  least,  surprising  that  some 
of  the  ablest  herpetologists  have  failed  to  perceive  how  greatly  they  differ  from 
the  other  fresh-water  Turtles.  Wagler  unhesitatingly  unites  them  with  the  Emyds, 
while  quite  recently   Major  LeConte  has  united  them   with   Chelydra.1     Yet,  as 

1  When  I  quote  (lie  i»y*tematic  name*  of  original  »  LkCoxtk,  (Major,)  Catalogue  of  the  North 

writer*,  I  follow  their  spelling  $  in  other  case*,  I  American  Testudinata,  in  Prue.  Ac  Nat.  Sc.,  Phila. 
adopt  that  which  seem*  to  me  correct.  rii, 
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early  as  1825,  Gray  had  distinguished  them  as  a  family,  which  was  adopted  hy 
Bell,  by  Fitzinger,  by  Canino,  and  by  Dumc'ril  and  Bibron,  the  latter  only  chang- 
ing the  name  of  Trionychidas  into  that  of  Potamides.  This  group  constitutes  one 
of  the  most  natural  families  among  Turtles,  at  once  recognized  by  the  flat,  thin 
shield  of  an  elegant  oval  form,  by  the  long  neck,  the  pointed  head,  and  project- 
ing nose.  But  the  question  is  farther,  whether  this  family  can  be  associated  in 
one  sub-order  with  Emys  and  Testudo,  or  not  If  we  consider  the  total  absence 
of  scales,  the  imperfect  ossification  of  the  shield,  the  absence  of  ossification  of 
the  margin,  or  the  limited  extent  to  which  it  is  ossified,  the  slight  protection  of 
the  jaw  by  a  small,  horny  sheath,  we  cannot  fail  to  recognize  characters  of 
inferiority  in  these  features,  when  comparing  them  with  those  of  the  Emyds  and 
Testudos;  and  I  would  not  hesitate  to  consider  that  family,  though  exhibiting  alone 
such  characters,  as  forming  a  sub-order  of  the  same  organic  value  as  that  of  the 
Chelonii,  did  we  not  observe  similar  differences  between  the  Sphargididas  and  the 
true  Chelonioidae,  and  had  we  not  learned  long  ago  that  any  amount  of  difference 
existing  between  two  groups  never  constitutes  a  difference  of  kind.  The  question 
might  even  be  raised,  whether  the  very  imperfect  ossification  of  Aspidonectes,  and 
especially  the  total  absence  of  marginal  scutes,  do  not  place  them  below  the  Che- 
lonioida).  But  when  it  is  remembered  that  among  Chelonii  the  ossification  is  still 
more  imperfect,  at  least  in  Sphargis,  and  that  the  skin  is  as  destitute  of  scales 
in  this  genus  M  in  Trionyx,  there  can  be  little  doubt  left  that  all  the  peculiarities 
of  Trionyx  are  only  family  characters.  The  structure  of  their  limbs  is  almost  as 
perfect  as  in  Emys,  and,  as  we  shall  see  hereafter,  their  whole  organization  brings 
them  close  to  the  Emydoids,  Chelys  and  Chelydra  forming  the  intermediate  links. 
The  remaining  two  types,  Emys  and  Testudo,  evidently  stand,  in  every  respect, 
highest  among  the  Amydna  or  Digitata,  and  close  the  series  of  Testudinata. 

I  greatly  question  the  propriety  of  separating  Trionyx,  Chelys,  Emys,  and  Tes- 
tudo as  groups  coequal  with  Chelonia,  as  so  many  herpetologists  do.  There  are 
many  modifications  in  the  degree  of  separation  of  the  fingers  among  them,  which 
alone  do  not  establish  differences  of  the  same  kind  nor  of  the  same  degree  as 
between  these  on  one  side  and  Chelonia  on  the  other,  even  though  as  to  ossification, 
development  of  scales,  and  armature  of  jaws,  Trionyx  differs  somewhat  from  Emys 
and  Testudo,  while  the  two  latter  agree  as  closely  as  possible  with  one  another. 
I  would,  therefore,  consider  Testudo,  Emys,  Chelys,  and  Trionyx  together  as  one  sub- 
order, showing  the  whole  number  of  Bub-orders  among  Testudinata  to  be  only  two, 
Chelonii  and  Amyd.k, —  the  latter,  however,  including  a  number  of  distinct  families, 
as  I  shall  demonstrate  presently. 

The  same  argument  which  has  led  us  to  consider  Sphargis  and  Chelonia  as 
distinct  families,  leads  naturally  to  the  separation  of  a  number  of  families  among 
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tliLs  second  suborder,  called  AmydaB  by  OppeL  In  the  first  place,,  we  notice 
the  Trionychida?,  so  remarkable  for  the  peculiarities  already  alluded  to ;  next  we 
have  the  North  American  Chelydroidaj  with  their  fossil  European  representative ;  next 
the  South  American  Chelyoidas,  the  Hydraspidida;,  the  Cinostcrnoida?,  the  Emydoidua 
proper;  and  lastly,  the  Testudinina,  each  of  which  groups  presents  typical  patterns 
of  form  which  are  constant  within  their  limits,  and  strikingly  contrasted  when 
compared  with  one  another.  For  it  is  not  true,  as  is  so  frequently  repeated,  that 
the  fresh-water  Turtles  arc  flat  and  broad  when  compared  with  the  land  Turtles. 
Some  of  our  marsh  Turtles,  and  especially  our  Ozotheca,  are  quite  as  high  compara- 
tively, and  certainly  as  narrow  as  any  of  the  land  Turtles,  whilst  the  Chelydroidas 
with  their  carinated  backs,  their  dentatcd  margin,  their  broad,  flat  heads,  their 
narrow,  cross-like  sternum,  their  large  tail,  their  imperfectly  retractile  limbs  and 
head,  differ  far  more  from  the  other  Emydoidac  than  any  land  Turtles.  I  do 
not,  therefore,  hesitate  for  a  moment  to  consider  these  two  groups  as  two  distinct 
families.  Of  the  family  of  Chelydroidaj,  there  are  two  species  in  the  United  States 
belonging  to  two  distinct  genera,  as  I  have  ascertained  that  Chelydra  Serpentina 
differs  generically  from  the  Chel.  Temminckii  Auct^  for  which  I  have  proposed  the 
name  of  Gypochelys  Temminckii.  Their  thoroughly  aquatic  habits  show  them  to  be, 
next  to  Trionyx  and  Chelys,  the  lowest  family  among  Aiuydoe.  Next  to  them, 
I  would  place  the  family  of  Cinosternoids,  on  account  of  their  less  extensive  sternum 
and  of  their  more  movable  pelvis.  There  can  be  no  doubt  that  they  constitute 
a  family  by  themselves,  when  in  addition  to  the  difference  of  form  already  alluded 
to  it  is  found  that  they  have  no  odd  hone  in  the  sternum,  so  that  their  lower 
shield  divides  into  symmetrical  halves,  along  an  uninterrupted  straight  suture,  fol- 
lowing the  middle  line.  The  long-necked  Hydraspids  with  retractile  head,  or  rather 
whose  head  can  be  bent  laterally  and  so  protected  under  the  shield,  come  next 
in  order;  but  as  they  are  all  foreign  to  the  United  States,  and  I  have  had  few 
opportunities  for  their  study,  I  must  omit  any  further  mention  of  them.  I  would 
only  recall,  in  this  connection,  the  interesting  fact  that  the  types  of  land  and 
fresh-water  Turtles  are  so  localized  upon  the  surface  of  the  globe,  that,  though  the 
number  of  Testudinata  is  very  great  in  the  United  States,  not  a  single  Hydraspid, 
for  instance,  is  found  within  their  limits,  and  only  two  Testudos  occur  in  their 
southern  parts,  while  the  family  of  Chelydroids,  on  the  contrary,  belongs  almost 
exclusively  here,  and  is  only  found  again  in  China.  The  true  home  of  the 
genuine  Emydoids  is  also  North  America,  as  the  true  home  of  the  Chelyoids 
and  Hydraspids  Is  South  America,  though  a  few  species  of  the  latter  family  occur 
also  in  other  parts  of  the  world. 

As  a  family,  the  Emydoida?  arc  easily  characterized  by  their  ovate  form,  swelling 
centrally,  while  the  margin  has  a  tendency  to  spread  outward,  in  which  last  feature 
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they  agree  with  the  Chelydroids  and  Hydraspids,  while,  in  that  respect,  they  differ 
strikingly  from  the  Cinosternoids,  the  margin  of  which  has  a  tendency  to  round 
itself  up  and  turn  inwards,  as  is  also  the  case  in  the  genuine  Testudos,  which 
constitute  the  last  and  highest  family  of  the  whole  order.  We  shall  presently 
see  that  among  our  native  Emydoids  there  are  two  species  which  have  generally 
been  referred  to  the  same  genus,  the  Cistudo  Carolina  and  the  C.  Blandingii,  one  of 
.  which,  however,  is  a  genuine  fresh-water  species  of  the  genus  Emys,  while  the  other 
is  entirely  terrestrial. 

The  family  of  Testudinina  has  always  been  circumscribed  within  its  natural 
limits,  ever  since  it  was  first  distinguished. 

Before  we  proceed  to  an  analysis  of  the  genera  of  the  North  American  Testu- 
dinata, we  may  now  recapitulate  the  results  at  which  wc  have  arrived  respecting 
the  general  classification  of  the  whole  order,  as  follows:  — 

Order,    Testudinata,  Klein. 

1st  Sub-order,  Chklosii,  Opp.  With  two  families,  Chelonioidae  and  Sphar- 
gididse. 

2d  Suborder,  Amyd.e,  Opp.  With  seven  families,  Trionychidae,  Chelyoida*, 
Hydraspidida?,  Chelydroids,  Cinosternoida?,  Emydoidre,  and 
Testudinina. 

It  should  further  be  remarked  that,  as  in  all  larger  divisions  of  the  animal 
kingdom,  these  families  are  not  equally  related  to  one  another.  The  affinity  of 
the  Trionychidae  to  the  other  families  is  not  so  close  as  that  which  brings  the 
Cinosternoids  near  the  Chelydroids,  or  certain  Emydoids  near  the  Testudinina,  or 
the  Hydraspids  near  the  Chelyoids;  yet  after  testing  all  their  characters  as  far  as 
my  opportunities  permitted,  I  have  come  to  the  conclusion  that  the  seven  groups 
above  enumerated  as  families  under  the  head  of  the  sub-order  Amydaj  arc  truly 
natural  families,  characterized  by  different  typical  forms,  which  are  defined  by 
structural  peculiarities,  as  we  shall  see  more  fully  hereafter.  The  inequality  among 
these  families,  in  the  degree  of  their  relationship,  is  a  feature  which  will  appear 
objectionable,  as  long  as  the  opinions  respecting  the  supposed  symmetry  and  equality 
of  the  natural  divisions  of  animals,  entertained  at  present  by  many  scientific  men, 
continue  to  prevail ;  and  until  the  inequality  of  endowment  characteristic  of  all 
organized  beings  is  recognized  as  the  law  prevailing  in  the  organic  kingdoms,  from 
the  humblest  individual  to  the  most  comprehensive  types. 

My  opportunities  of  investigation  do  not  justify  me  in  attempting  to  charac- 
terize all  the  genera  of  the  order  of  Testudinata,  I  must  limit  myself,  in  this 
part  of  my  subject,  to  a  general  review  of  those  which  have  representatives  in 
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North  America,  introducing  only  sueh  comparisons  with  foreign  ones  as  may  he 
imperatively  required  to  appreciate  their  mutual  relations. 

All  the  genera  thus  far  established  among  the  Chelonii  have  representatives 
along  the  coast  of  the  United  States,  and  I  am  not  aware  that  there  are  any 
genera  of  this  sub-order,  except  those  which  have  already  heen  recognized  by 
herpetologists:  the  family  of  Sphargidida>,  containing  only  one  genus,  the  genus 
Sphargis;  and  the  family  of  Chelonioidie  proper,  containing  three  genera,  namely, 
Chelonia,  Thalassochelys,  and  Eretmochelys.  But  as  some  of  the  mast  prominent 
herpetologists  recognize  only  one  genus  in  this  family,  1  will  give  below  my  reasons 
for  believing  that  the  genera  Thahissochelys  and  Eretmochelys  are  as  well  founded 
in  nature  as  the  genus  Chelonia  proper. 

Of  the  sub-order  Amydie,  the  family  of  the  Trionychida?  has  only  four  representa- 
tives in  America,  which  however  bear  a  very  peculiar  relation  to  the  other  mem- 
bers of  the  family;  for  while  all  the  Trionyx  of  the  old  world  are  inhabitants  of 
the  tropical  fresh  waters,  or  at  least  occur  only  south  of  the  twenty-first  isothermal 
line,  those  of  America  are  all  found  to  the  north  of  that  very  line,  neither  Central 
nor  South  America  nourishing  a  single  Trionyx,  while  in  North  America  they  range 
over  the  whole  continent  east  of  the  liocky  Mountains,  as  far  north  as  the  great 
Canadian  lakes  and  the  upper  St  Lawrence. 

If  we  were  to  judge  by  the  opinion  prevailing  about  the  Chelydroida;  a  few 
years  ago,  it  would  appear  that  we  had  only  one  species  of  that  family ;  and  yet 
Dr.  Ilolbrook,  in  his  North  American  Ilerpetology,  long  ago  described  a  second 
species,  under  the  name  of  Chelonura  Temininckii,  which  seems  to  have  remained 
unknown  to  European  writers,  for  all  their  references  to  this  animal  are  either 
expressed  with  doubt,  or  arc  evidently  mere  compilations,  or  abstracts  from  the 
North  American  Ilerpetology.  I  have  now  in  my  possession  a  number  of  speci- 
mens of  this  species  weighing  between  ten  and  fifty  pounds,  preserved  in  alcohol, 
and  also  several  skeletons  made  from  specimens  presented  to  me  by  Prof.  Baird, 
Prof.  Chilton,  Dr.  Gcssncr,  and  Winthrop  Sargent,  Esq.  I  had,  besides,  an  oppor- 
tunity of  seeing  two  living  specimens  in  their  native  waters,  in  the  neighl>orhood 
of  Mobile,  one  of  which  weighed  about  two  hundred  pounds,  and  many  others 
which  were  stmt  to  me  alive  by  Mr.  Sargent  and  which  I  preserved  alive  during 
the  whole  of  last  summer.  1  have,  in  addition,  examined  several  very  young  ones, 
preserved  in  alcohol,  which  were  forwarded  to  me  by  Prof.  Baird  and  Dr.  Nott 
I  can,  therefore,  not  only  vouch  for  the  specific  distinction  of  the  two  species,  but 
am  prepared  to  show  that  they  differ  generieally,  as  a  fuller  comparison  below, 
illustrated  with  many  figures,  will  prove.     (See  also  above,  p.  248.) 

The  family  of  the  Chelyoithe  has  no  North  American  representatives,  nor  has  that 
of  the  Hydraspidida';  but  of  the  family  of  the  Cinosternoida)  we  have  two  genera, 
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one  of  which  is  the  well  characterized  genus  Cinosternum  of  Spix.  The  opportuni- 
ties I  have  enjoyed  for  the  examination  of  the  representatives  of  these  genera  have 
satisfied  me  that  the  sexual  differences  among  them  nrc  such  as  readily  to  be  mis- 
taken for  specific  differences,  which  has  actually  been  done  again  and  again.  The  tail 
of  the  male,  for  instance,  is  always  much  longer  than  that  of  the  female;  the  males 
have  sharp  asperities  between  the  joints  of  the  hind  legs;  moreover  the  color  and 
ornamentation  differ  considerably.  As  a  genus,  however,  Cinosternum  is  easily 
distinguished.  Yet  our  common  Mud-Turtle,  (Ozotheca  odorata,)  has  been  referred 
to  Cinosternum  by  some  authors,  and  to  Sternotha?rus  by  others,  until  it  was  placed 
in  the  genus  Staurotypus  by  Dume'ril  and  Bibron.  Having  formerly  had  an  oppor- 
tunity of  examining,  in  Munich,  the  type  on  which  Wngler  founded  the  genus  Stauro- 
typus, I  can  affirm  that  our  species  is  by  no  means  generically  identical  with  Wag- 
ler's  Staurotypus,  and  still  less  belongs  to  Bell's  Sternotha'rus,  or  to  Spix's  Cinoster- 
num. It  constitutes,  indeed,  a  genus  for  itself,  which  I  have  called  Ozotheca,  the 
characters  of  which  are  intermediate  between  those  of  Staurotypus  and  those  of 
Cinosternum.  There  are,  in  the  southern  parts  of  our  country,  other  species  of  this 
genus,  as  I  have  had  good  opportunity  of  ascertaining,  but  I  have  no  hesitation  in 
saying  that  the  characters  according  to  which  some  of  the  species  now  admitted 
have  been  established  in  this  family  by  Wagler,  Dum6ril  and  Bibron,  Gray,  and 
LeConte,  may  all  be  found  upon  specimens  of  different  age,  sex,  and  size,  living 
together  in  the  same  pond  in  our  Northern  States,  so  that  the  true  differences 
of  our  species  are  still  to  be  pointed  out. 

All  hcrpctologists  seem  to  agree  about  the  limits  of  the  genera  Emys  and  Cis- 
tudo, though  they  differ  about  the  name,  Canino  retaining  the  name  of  Terrapene 
for  the  group  to  which  Dume'ril  and  Bibron  assign  the  name  of  Emys,  and  giving 
the  name  of  Emys  to  fat  group  which  Dume'ril  and  Bibron  call  Cistudo,  and  which 
Gray  farther  subdivides  into  Cistudo  proper  and  Lutremys.  The  descriptions  of  our 
species  below  will  show  that  the  distinction  introduced  by  Gray  is  truly  founded,  and 
that  Cistudo  and  Lutremys  are  not  only  sub-genera,  but  constitute '  entirely  distinct 
genera  belonging  even  to  different  sub-families.  As  the  name  Cistudo  was  first  assigned 
to  the  Cistudo  Carolina,  it  is  proper  it  should  retain  it,  while  it  is  equally  proper 
that  the  group  to  which  Gray  assigns  the  name  Lutremys  should  be  called  Emys 
as  it  includes  the  European  Emys,  upon  which  the  genus  Emys  was  founded  by  Bron- 
gniart  More  than  twenty  years  ago,  Canino  had  already  called  the  attention  of 
herpetologists  to  this  point,  and  set  it  all  right ;  yet  no  one  has  followed  his  sug- 
gestion, thus  far.  Accordingly,  there  exists  in  North  America  not  a  single  Emys, 
properly  speaking,  among  those  which  have  been  described  under  that  generic  name. 
Moreover,  the  species  which  have  been  referred  to  that  genus  do  not,  by  any  means, 
all  belong  to  one  and  the  same  genus. 
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Since  I  have  had  nn  opportunity  of  comparing  all  the  North  American  Testu- 
dinata  with  one  another,  alive,1  I  cannot  cease  to  wonder  that  the  marked  generic 
peculiarities  of  the  Emydoids  should  have  heen  so  entirely  overlooked.  I  have 
already  stated  (p.  24G)  that  the  so-called  Cistudo  Rlandingii  is  a  true  Emys;  it  is 
the  North  American  representative  of  the  common  European  Emys  (Lutremys,  Graff.) 
Now  that  its  natural  relations  are  accurately  determined,  it  should  henceforth  be 
called  Emys  Meleagris,  as  this  specific  name  is  older  than  that  of  Blandingii.  But, 
among  the  other  North  American  Emydoids  we  find  several  other  generic  types. 
Emys  scabra  (serrata),  Troostii  and  elegans  (cumberlandensis)  constitute  a  distinct 
genus,  which  I  call  Trachemys;  whilst  Emys  mobiliensis,  concinna  (floridana),  and 
rugosa  (rubriventris)  constitute  another  genus  under  the  name  of  Ptychemys;  and 
Emys  geographica  and  Lessueurii  (E  pseudo-geographica)  still  another  under  the  name 
of  Graitemys.  Emys  picta,  Bellii,  and  several  new  species,  constitute  also  a  distinct 
genus,  already  recognized  by  Gray,  and  called  by  him  Chrvsemvs.  Emys  guttata  is 
also  the  type  of  a  distinct  genus,  which  I  call  Nanemys.  Emys  Miihlenbergii  Is  the 
type  of  the  genus  1  have  named  Calkmys,  and  Emys  coneentrica  constitutes  still 
another  genus,  already  named  Malaclemys  by  Gray;  this  and  Chrysemys  being  the 
only  ones  thus  far  noticed  as  generically  distinct  from  the  other  types  of  Emy- 
doids inhabiting  North  America.  Emys  reticulata  constitutes  also  a  new  genus, 
Deirochelyb;  Emys  iasculpta  another,  Glyitemys;  and  Emys  mannorata  B.  and  G. 
(E  nigra,  Hal.)  still  another,  Actlvemys.  The  North  American  Testudinina  belong 
to  the  new  genus,  Xerobates.  All  these  new  genera  and  several  new  species, 
peculiar  to  the  United  States,  are  characterized  below. 


SECTION  III. 

ESSENTIAL  CHARACTERS  OF  THE  ORDER  OF  TESTUDINATA. 

There  is  scarcely  any  order  among  Vertebrates  so  well  defined  and  so  naturally 
circumscribed  as  that  of  the  Turtles.  The  cycle  of  their  modifications,  notwith- 
standing the  diversity  of  sub-orders,  families,  and  genera  which  they  include,  is  so 
narrow,  the  external  systems  of  organs,  even  the  proportions  of  the  body,  are  so 


1  The  number  of  living  turtle*  I  had  an  oppor- 
tunity of  examining  and  preserving  for  months  and 
year*  in  my  yard,  will  appear  incredible  to  Eu- 
ropean naturalists.  I  have  had  them  and  their  eggs 
by  the  thousands,  thanks  to  the  kindness  of  my 


friends  in  every  part  of  the  country;  and  I  shall 
avail  myself,  in  the  next  chapter,  of  the  opportunity 
duly  to  mention  all  these  favors,  when  enumerating 
singly  all  our  species  and  the  precise  localities  where 
they  are  found. 
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constant,  that  even  the  uninitiated  will  recognize  a  Turtle  as  a  Turtle,  aft  readily 
as  they  will  know  a  Bird  to  be  a  Bird.1  It  is  not  so  with  the  other  orders  of 
Reptile.*,  the  Snakes  and  Lizards.  It  is  certainly  easy  to  recognize  in  a  Rattle- 
snake and  a  Leguan  two  entirely  different  animals,  but  it  needs  a  scientific  inves- 
tigation, and  indeed  a  very  accurate  one,  to  distinguish  the  Rhinophis  as  a  Snake, 
from  the  Anguis  or  Ophisaurus  as  a  Lizard;  indeed,  in  English,  the  Ophisaurus  is 
commonly  called  a  Snake,  the  Glass-Snake.  All  Turtles,  on  the  contrary,  are  dis- 
tinctly comprised  by  all  civilized  languages  under  one  name.  What,  then,  is  this 
something  which  so  forcibly  strikes  the  eye  of  the  unlearned,  and  is  so  graphically 
expressed  by  the  familiar  names  of  these  animals  ?  It  is  the  stiff  backbone,  spreading 
into  the  shape  of  a  shield:  Schild-krbte,  German,  shield-toad;  turtle,  Saxon,  perhaps 
from  tart  or  tartschc,  the  shield  of  the  old  Germanic  tribes ;  testudo,  in  Latin. 

Let  us  now  consider,  from  this  point  of  view,  the  remaining  orders  of  the  Rep- 
tiles, the  Serpent"  and  Saurian*,  and  we  shall  sec  what  deep  truth  is  hinted  at  by 
this  name  of  "  Schild-krote."  The  Snake  moves  only  by  means  of  the  lateral  motions 
of  its  vertebral  column,  together  with  the  ribs;  the  Turtle  only  by  mean*  of  its  feet; 
and  the  Lizard,  which  stands  between  the  two,  by  means  of  both  together.  We 
have  a  gradual  series  from  the  Apodes,  or  footless  Reptiles,  which  creep  upon  the 
Stomach,  the  Snakes,  through  the  Lizards,  up  to  the  highest  Reptiles,  namely,  the 
terrestrial  Turtles,  which  stand  upon  four  supports  ;  anil,  to  gain  a  true  insight  iuto 
the  characters  of  the  order  of  Testudinata,  it  is  important  to  trace  this  series 
through  its  successive  links.  In  so  doing,  we  find  the  Python*  moving  like  all 
other  serpents  by  means  of  horizontal  undulations  of  the  vertebral  column,  and  the 
pressure  of  the  ribs  attached  to  it  But  the  anatomist  finds,  concealed  under  their 
anal  scales,  traces  of  hind  feet,  and  even  of  the  pelvis.  These  rudiments  of  limbs 
have  «is  yet  no  locomotive  function,  but  they  hint  at  what  is  afterwards  to  appear  in 
the  higher  types  of  the  same  class.  The  lowest  Lizards,  (and  every  zoologist  con- 
siders as  such  the  family  of  Glass-Snakes,  Scincoida?,)  begin  with  the  European 
Anguis,  in  which  traces  of  hind  feet  are  concealed  under  the  skin,  but  the  only  real 


1  Simple  and  trivial  as  thin  stall-merit  may  seem, 
it  involves  a  principle  which  neither  naturalists  nor 
general  observers  ap|iear  yet  fully  to  understand, 
namely,  that  natural  groups  are  not  necessarily 
equally  distinct,  and  tluu  group-  which  w*m  equally 
distinct  are  not  necessarily  of  the  sutne  value.  No 
higher  group  in  the  animal  kingdom  is  more  clearly 
defined  than  the  class  of  Birds,  with  perliaps  the  sole, 
exception  of  the  Turtles  ;  but  then  Turtles  constitute 
only  an  order  in  the  class  of  Reptiles,  and  not  a  class 


for  themselves ;  while  the  Reptiles  as  a  class  by  no 
means  present  that  uniformity  of  np|«eftranee  so  char- 
acteristic of  the  Birds.  What  is  true  of  these  two 
types  within  their  limits  is  equally  true  of  hundreds 
of  other  types  within  other  limits.  Much  of  the 
uncertainty  perceptible  in  our  classifications  from  the 
highest  divisions  down  to  the  limitation  of  the  species, 
arises  from  a  constant  neglect  of  the  universal  in- 
equality which  pervades  both  the  animal  and  the 
vegetable  kingdoms. 
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locomotive  organ  of  which  is  still  the  vertehrnl  column  with  the  movable  ribs,  as  in 
the  Snakes.  In  the  Dibamus  of  New  Guinea,  there  appear,  for  the  first  time,  visible 
extremities,  small,  slender,  toeless,  scaly  hind  feet  In  the  Bipes  of  New  Holland 
these  become  somewhat  larger,  and  in  Brachymeles,  rudiments  of  anterior  extremities 
are  added.  In  the  genus  Evesia,  these  extremities  are  still  undivided ;  in  the  Brach- 
ymeles proper  they  have,  in  front  and  behind,  two  toes;  in  the  South-Euro- 
pean Seps,  we  find  already  three  toes  in  front  and  behind ;  in  the  Scineus  five,' 
in  front  and  behind,  but  the  fore  feet  are  still  weak  and  do  not  yet  carry  the 
body  so  swiftly  and  easily  over  the  earth  as  those  of  the  Lizards,  but  these  also, 
with  their  perfectly  developed  feet,  are  still  assisted  by  the  motion  of  the  vertebral 
column.  From  this  point  of  the  series  up  to  the  Turtle,  there  is  a  great  stride, 
for  in  them  the  head  and  neck  are  free,  much  freer  than  in  any  of  the  Saurians 
whatsoever.  The  vertebral  column  has  become  stiff;  the  four  feet  are  the  only 
locomotive  organs;  and  yet  in  the  marine  Turtles,  the  fore  feet  exceed  greatly  in 
power  the  hind  pair,  and  it  is  only  in  the  lund  Turtles  that  we  find  at  last  all  the 
four  feet  perfectly  equal  in  strength,  affording  four  props  or  supports,  upon  which 
the  whole  body  moves  slowly  forward,  like  a  house  on  rollers. 

This  is  the  natural  series  of  the  orders  in  the  class  of  true  Reptiles.  Let  us 
now  consider  the  class  of  Amphibians  from  the  same  point  of  view.  The  Caecilia, 
the  lowest  Batrachian,  is  a  long-drawn,  serpent-like  animal,  moving  by  means  of 
undulations  of  the  vertebral  column.  In  one  of  our  southern  Ichthyoid  Batrachians, 
called  Siren,  there  arise  two  feeble  feet  in  front,  or  rather  a  pair  of  diminutive 
anterior  limbs  project  from  behind  the  gills.  In  the  German  Proteus,  or  the  North 
American  Ainphiuma,  four  legs  are  already  perceptible,  having  from  two  to  three 
toes,  and  the  Salamanders,  which  at  present  extend  over  the  whole  surface  of  the 
globe,  walk,  like  the  Lizards,  on  four  well  developed  feet,  using  like  them,  however, 
the  whole  dorsal  column  as  a  locomotive  organ.  From  these,  again,  we  have  a 
stride  up  to  the  Frog.  The  spine  has  become  stiff;  all  lateral  motion  has  ceased 
in  it,  and,  as  in  the  Reptile  when  in  its  highest  development,  so  with  the  most 
perfect  Batrachian,  the  four  feet  are  the  only  locomotive  organs.  This  is  the 
series  of  the  Amphibians.* 

If  we  now  compare  the  highest  Reptile,  the  Turtle,  with  the  highest  Amphi- 
bian, the  Frog,  the  locomotive  organs  in  both  being  completely  developed,  and  the 
spine  serving  no  longer  for  locomotion,  we  find  the  latter  ready  to  be  applied  to 
other  purposes.  A  step  towards  this  is  made  in  the  Frog.  The  caudal  bone  is 
separated  sharply  and  distinctly  from  the  rest  of  the  spine,  as  is  also  the  neck, 

1  For  further  details  respecting  thfl  series  of  the  «  Compare  the  illustrations  of  this  wries  in  my 

family  of  Seincoids,  see  Part  L,  Chap.  1,  Sect.  12.        Leetun-s  on  Comparative  Embryology,  p.  8  to  10. 
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but  both  are  still  buried,  as  it  were,  in  the  general  muss  of  the  body.  On  the 
Contrary,  in  the  culminating  Reptile,  the  Turtle,  the  neck  is  completely  free  from 
the  mass  of  the  body,  and  so  also  is  the  tail ;  but  there  is  still  a  sort  of  visceral 
chest,  inclosing  the  breast  ond  abdomen. 

This  general  sketch  of  the  essential  characters  of  the  Testudinata  shows  distinctly 
that  their  most  prominent  features  are  also  those  which  assign  to  them  the  highest 
rank  in  their  class.  It  is  therefore  plain,  that  the  Testudinata,  being  a  natural  group, 
constitute  an  order  in  the  class  of  Reptiles,  acknowledged  to  be  such  by  most  zoolo- 
gists, while  at  the  same  time  this  typical  group  furnishes  additional  evidence  that  the 
characters  I  have  considered  above 1  as  ordinal  characters  are  marked  out,  as  such, 
in  nature.  It  remains  now  to  show,  what  is  the  degree  of  complication  of  their 
structure  which  assigns  to  them  that  rank  in  their  class.  The  comparison  insti- 
tuted here,  between  the  leading  groups  of  the  true  Reptiles  and  those  of  the 
Batrachians,  shows  already  the  two  series  to  consist  equally  of  groups  presenting  a 
natural  gradation  in  their  normal  relations.  We  are,  therefore,  not  only  justified  in 
considering  them  all  as  natural  orders,  but  this  gradation,  within  their  respective 
limits,  goes  far  also  to  show  that  the  higher  divisions  under  which  they  are  com- 
bined partake  of  the  character  of  classes,  and  that  Reptiles  proper  and  Amphib- 
ians are  justly  to  be  considered  as  two  distinct  classes. 


SECTION  IV. 

THE  SHIELD. 

We  have  found  the  main  ordinal  character  of  the  Turtles,  in  contradistinction 
to  other  Reptiles,  to  consist  in  the  nature  of  the  dorsal  column,  which,  in  connec- 
tion with  other  element*,  forms  in  Turtles  one  continuous  shield  upon  the  back. 
This  dorsal  shield,  usually  called  by  the  French  name  "corapoce,"  is  connected 
by  a  bridge  with  another  shield,  commonly  called  "plastron,"  which  covers  the 
region  of  the  breast  and  abdomen  from  below.  These  two  shields  together  form 
a  hard  girdle  around  the  soft  organs  of  the  trunk. 

If  we  take  a  Turtle  of  that  family  in  which  the  idea  or  the  type  of  Turtles  is 
carried  out  the  furthest,  namely,  a  land  Turtle,  we  find  these  shields  built  up  of  two 
very  different  elements,  the  skin  and  the  true  bony  skeleton.  H*  we  analyze  such 
a  shield  from  the  outside  inwards,  we  see  first  a  thick  very  hard  and  dry  epidermis 

'  Part  I.,  Chap.  2,  S«-ct.  3,  p.  150. 
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with  its  thin,  soft,  and  wet  matrix,  the  stratum  Mulpighii.  Then,  immediately  under 
thu<,  we  find  a  bony  plate.  Now  this  bony  plate  consists  of  two  elements,  very  differ- 
ent in  their  anatomical  and  physiological  character;  namely,  first,  of  parts  of  the  true 
skeleton,  the  vertebra?,  the  ribs,  and  the  bones  of  the  sternum ;  secondly,  of  ossifica- 
tions of  the  skin,  or  rather  of  the  outer  walls  of  the  body,  which  overlie  the  true 
skeleton  and  fill  out  its  framework,  thus  making  one  continuous  bony  shield  of  the 
vertebrae  and  ribs,  and  another  of  the  sternal  bones.  These  ossifications  of  the  skin, 
commonly  called  the  dermal  skeleton,  are  divided  into  many  fields,  like  a  pavement, 
by  sutures,  the  direction  and  extension  of  which  are  entirely  independent  of  the 
underlying  framework  of  the  true  skeleton.  These  fields  are  larger  where  they  over- 
he  the  bones  of  the  true  skeleton;  they  become  smaller  and  thus  relatively  more 
numerous  where  they  reach  beyond  it,  namely,  in  the  margin  of  the  upper  shield. 
As  already  stated,  these  marginal  bony  plates  are  mere  ossifications  of  the  skin 
extending  beyond  the  ribs.  The  relative  direction  and  extension,  as  well  as  the 
number  of  all  these  fields  of  the  ossified  skin,  are  very  similar  in  the  different 
families  of  Testudinata. 

This  composition  of  the  shield,  from  the  elements  described  above,  is  common 
to  all  the  land  Turtles,  to  the  Emydoidse,  to  the  Ciuosternoida?,  to  the  Chelydroida?, 
and  to  the  South  American,  Eastern,  and  Australian  Pleurodene,  the  Chelyoida; 
and  Hydraspidida*.  Thus  far,  we  know  only  three  groups  which  present  any  differ- 
ences in  these  respects,  the  Chelonioida?,  the  Sphargidida?,  and  the  Triouychida?. 
Though  we  find  that  in  the  Chelonioidae  all  the  elements  named  above  take  part 
in  building  up  their  shield,  still  their  dermal  skeleton  is  very  much  reduced,  while 
in  land  Turtles  it  makes  up  by  far  the  largest  part  of  the  bony  shield  and  actually 
grows  into  the  true  bony  skeleton  at  the  expense  of  the  latter,  in  such  a  manner 
that  parts  of  this  disappear  and  are  replaced  by  the  ossification  of  the  skin.  In 
the  Chelonioida?,  on  the  contrary,  the  dermal  skeleton  fills  only  imperfectly  the 
spaces  between  the  ribs,  but  then  it  forma  a  regular  row  of  marginal  plates, 
and  again  scantily  fills  the  spaces  between  the  sternal  bones.  In  Trionychida?, 
we  observe  the  same  partial  development  of  the  dermal  skeleton,  as  it  fills  only 
to  some  extent  the  intercostal  spaces  and  the  spaces  between  the  sternal  bones,  and 
forms  but  a  few  marginal  plates,  which  may  even  be  entirely  wanting,  as  is  the 
case  in  the  Southeast  African  Cycloderma,  receutly  discovered  by  Dr.  Peters,  and 
in  our  own  Trionyx  ferox  and  muticus.  Finally,  in  Sphargis  the  dermal  skele- 
ton is  developed  in  a  very  different  way,  namely,  as  one  continuous  shield  above, 
and  another  beneath,  nowhere  resting  immediately  upon  the  true  skeleton,  there 
remaining  between  the  dermal  and  the  bony  skeleton  a  thick  layer  of  corium, 
which  never  ossifies.  This  structure  constitutes  the  most  striking  contrast  when 
compared  with  Testudo,  where  the  dermal  shield  actually  grows  into  the  true  bony 
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skeleton.  Thus  it  appears  that  in  Sphargis  the  trunk  in  inclosed  in  a  dermal 
hony  girdle  which  is  circuuiserihed  in  front,  behind,  and  on  the  two  sides;  under 
this  solid  envelope  follows  a  coarse  felt  of  soft  corium  without  lime  deposits,  and 
under  this  finally  lies  the  true  skeleton.  In  Sphargis,  the  ossifications  of  the  skin 
havo  thus  least  to  do  with  the  skeleton  proper,  while  the  connection  of  the  dermal 
and  the  true  skeleton  is  carried  furthest  in  land  Turtles.  We  may  say,  therefore, 
that  if  the  type  of  Turtles  is  carried  out  the  furthest  in  the  genuine  Testudinino, 
it  is  the  least  so  in  Sphargis. 


SECTION  V. 

THE  SKIN. 

The  epidermis,  the  Malpighian  layer,  the  corium,  and  the  ossifications  of  tin- 
latter,  are  to  he  found  in  all  Turtles,  hut  they  show  the  greatest  variety  in 
different  families.  We  will  analyze  these  different  strata,  proceeding  from  the 
outside  inwards. 

The  E/ridennix.  The  epidermis  of  the  head  is  of  great  importance  in  charac- 
terizing the  order,  the  sub-orders,  families,  genera,  species,  and  even  the  sexes  of 
Turtles.  The  practised  observer  may,  from  the  sheath  of  the  jaw  alone,  recognize 
at  least  the  genus.  In  all  Turtles,  the  jaws  are  covered  by  a  thick  epidermis, 
which  gives  them  the  appearance  of  a  genuine  bill,  more  or  less  rounded  in  front, 
with  sliurp  margins  either  smooth  or  denticulated.  Such  a  bill  in  not  found  in 
any  other  Reptile,  nor  in  any  order  of  Vertebrata,  except  in  two  Mammalia,  in  all 
the  Bird*,  and  in  the  Tadpoles  of  the  Batrachians.  This  horny  sheath  is  errone- 
ously said  to  be  wanting  in  some  Turtles.  We  find  it  in  all,  even  in  the  Triony- 
chidaj,  where  the  jaws  are  covered  by  fleshy  lips,  but  it  varies  greatly  in  thickness; 
while  it  is  rather  thin  in  the  Ernydoidaj,  it  forms  in  the  Cinosternoida?  a  strong, 
sharp  hook,  which  is  stronger  still  in  Chclydra,  and  strongest  in  Sphargis,  which  is 
very  likely  a  carnivorous  Turtle.  In  this  last  genus  it  has  the  form  of  a  hook 
bill,  more  powerful  than  even  the  bill  of  the  South  American  Harpvia 

On  the  top  and  on  the  sides  of  the  head  the  epidermis  forms  either  one  continu- 
ous layer,  as  in  the  Emydoida?,  Cinostcrnoidne,  Chelydroidae,  and  Trionychida?,  or  it 
is  divided  into  a  pavement  of  thicker  plates,  disposed  either  symmetrically,  as  in 
Chelonia,  or  more  irregularly,  as  in  Testudo.  On  the  under  surface  of  the  head, 
on  the  chin  and  upper  neck  it  is  seldom  thickened  into  distinct  plates,  but,  no  doubt 
in  order  to  provide  for  ite  greater  movability,  it  is  usually  only  divided  by  wrinkle* 
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into  fields,  as  it  is  also  all  over  the  neck  and  in  all  those  other  parte  of  the 
trunk  which  are  not  covered  by  the  Bhields  of  the  back  and  the  lower  side.  The 
epidermis  of  the  legs  varies  very  much,  from  the  thin  layer  of  the  TrionychidaB, 
in  which  it  is  only  in  some  single  places  thickened  into  hard  plates,  to  the  horny, 
scaly,  or  plated  stiff  coat  of  the  massive  feet  of  the  sea  and  land  Turtles,  Chelonia 
and  Testudo,  where  there  is  very  little  or  no  motion  of  the  different  parts  of 
the  legs.  In  the  Chclonioidoj  the  epidermis  of  the  last  phalanges  appears  as  a  nail 
only  in  the  thumb,  while  in  Sphargis  there  is  not  even  a  trace  of  a  nail  to  be 
found ;  in  the  TrionychidaB  it  forms  sharp,  long,  slim  claws,  in  three  fingers  and  in 
three  toes;  in  the  aquatic  Emyds  (Nectemyds)  there  are  similar  nails  in  all  the 
fingers  and  in  the  toes.  On  the  contrary,  in  the  more  terrestrial  members  of  the 
family  of  EmydoidaB,  in  Glyptemys  insculpta,  and  still  more  in  Cistudo,  whose  fingers 
and  toes  are  less  movable  and  frequently  used  for  walking  on  land,  the  claws 
appear  shorter  and  stouter,  while  in  Testudo  the  whole  coat  of  the  fingers  and 
toes  has  become  a  hoof,  almost  as  in  Pachyderms,  serving  as  in  the  latter  to  carry 
the  heavy  load  of  the  body.  These  epidermal  formations  in  the  legs  and  particu- 
larly those  in  the  last  phalanges,  in  connection  with  the  epidermal  formations  of 
the  jaws,  are  very  important  for  the  classification,  as  they  indicate  more  clearly 
than  any  other  external  organ  the  mode  of  life  of  the  animal  in  all  its  relations 
to  the  outer  world.  -  That  the  consideration  of  these  parts  leads  really  to  natural 
divisions  is  seen  not  only  in  Turtles,  but  more  distinctly  still  in  Birds  and  Mam- 
malia; and  the  system  of  Linnams,  founded  upon  such  details,  has  assumed  the 
character  of  a  natural  combination  in  the  classification  of  these  two  classes,  though, 
as  he  understood  them,  they  still  appear  as  artificial  as  his  system  of  plants. 

The  epidermis  of  the  tail  is  mostly  wrinkled  or  covered  only  by  small  scales, 
thus  allowing  to  this  organ  a  great  movability.  In  the  family  of  Chclydroida? 
only  do  we  find,  along  the  top  of  their  long,  powerful  tail,  a  row  of  hard 
tubercles  strengthening  and  protecting  it  as  an  organ  of  locomotion,  and  by  no 
means  interfering  with  its  movability.  In  some  land  Turtles  and  in  the  genus 
Cinosternon,  the  end  of  the  tail  has  a  flat,  rounded  sheath,  as  in  Testudo  indica, 
or  it  has  a  pointed  nail-like  or  even  crooked  tip,  as  in  Cinosternon,  particularly 
in  the  males. 

The  most  important  features  of  the  epidermis,  and  those  most  peculiar  to  Turtles, 
are  found  in  the  back  and  the  lower  shield.  It  is  scarcely  developed  in  two 
families,  the  Trionychidoj  (soft-shell  Turtles)  and  the  Sphargidida?,  in  which  it  forms 
only  a  thin  continuous  layer  upon  the  corium,  as  in  naked  Batrachians,  while  it  is 
thick,  horny,  and  divided  into  fields  in  all  other  Testudinata,  that  is  to  say,  in 
all  those  Turtles  in  which  the  corium  is  entirely  ossified.  In  the  TrionychidaB 
and  Sphargidse  there  lies  always  a  thick  layer  of  soft,  unossified  corium,  under 
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the  thin,  elastic  epidermis.  As  in  all  Vertcbrata,  so  also  is  the  epidermis  in 
Turtles,  composed  of  characteristic  cells,  of  an  hexagonal  or  irregular  form,  which 
are  dry  and  flat  near  the  surface,  and  more  or  less  imbricated,  while  their  contours 
are  better  denned  the  deeper  we  penetrate  and  the  more  we  approach  their  matrix. 
But  in  relation  to  the  mode  of  growth  and  the  duration  of  these  cells,  upon  a 
larger  scale,  up  to  the  time  when  they  are  cast  in  moulting,  we  find  the  greatest 
variety  among  Turtles,  as  we  find,  indeed,  among  all  the  different  types  of  Verte- 
brata.  The  differences  in  the  epidermal  formations,  observed  in  Turtles,  naturally 
lead  us  to  expect  such  a  diversity  among  them  in  particular.  In  the  Sphargididse 
and  the  Trionychidje,  I  have  had  no  opportunity  of  seeing  a  regular  casting  off  of 
the  epidermis,  though  there  can  be  hardly  any  doubt  that  a  change  of  the  epidermis 
takes  place  here,  and  that  it  is  effected  by  the  dropping  of  single  cells  or  of  thin 
layers,  for  I  have  noticed  it  in  Trionyx,  as  we  find  it  in  the  epidermis  of  Frogs 
and  of  Man  himself,  in  whom  it  is  quite  similar.  But  in  all  other  Turtles,  the 
nature  of  the  epidermis,  and  therefore  its  moulting  also,  are  entirely  different  In 
Eretmochely8  imbricata,  the  plates  of  the  shield  (the  tortoise-shell  of  commerce) 
are  very  large,  and  imbricated  one  above  the  other.  These  plates  increase  only  in 
front,  where  they  are  imbedded  in  a  thick  matrix,  in  the  Malpighian  layer,  as  in 
a  case.  As  the  plates  enlarge  in  front,  the  older  parts  must  move  backwards, 
where  they  are  worn  off  by  external  mechanical  agencies.  This  process  goes  on 
so  rapidly  in  these  Turtles,  that  in  a  specimen  of  two  feet  in  length,  no  trace 
of  those  primary  scales,  which  covered  the  whole  shield  during  the  first  year, 
could  be  found.  This  mode  of  growing  and  moulting,  if  we  may  call  it  so,  is  very 
similar  to  that  in  the  human  nail.  But  we  find  a  very  different  process  in  land 
Turtles,  and  to  some  degree  also  in  Cistudo,  in  which  the  plates  rest  entirely, 
in  front  and  on  the  sides  and  behind,  upon  their  matrix,  in  the  Malpighian  layer. 
They  are  not  at  all  free  and  raised  behind,  as  is  the  case  in  Eretmochelys, 
and  thus  they  grow  not  only  in  front,  but  with  their  whole  under  surface  and 
on  all  sides;  hence  it  follows  that  we  find  upon  the  surface  of  each  scale,  around 
a  small  angular  central  plate,  (the  scale  of  the  first  year's  growth,)  a  smaller  or 
greater  number  of  concentric  stripes  or  regular  annual  rings,  as  they  are  exhibited 
on  a  transverse  section  of  an  old  tree.1 


*  This  ia  remarkably  obvious  in  norne  specimens 
of  the  Xerobatcs  enrolinua  (Testudo  polyphemus) 
of  our  Southern  and  South-western  States,  and  always 
in  Te.it  udo  radiata  of  Madagascar,  and  in  Testudo 
geometrica  of  the  Cape  of  Good  Hope.  In  rela- 
tion to  the  Gopher,  (Teat,  polyphemu*,)  I  have  to 
remark  that  the  plate,  of  moat  adult  upccimcns  are 


perfectly  emooth,  go  that  their  successive  growth 
and  their  age  can  no  longer  be  read  upon  the  plates, 
as  it  la  easy  to  do  in  many  other  species  of  that 
family.  Hie  Gopher,  and  perhaps  also  the  Gala- 
pagos Turtle  (T.  indica)  burrow  into  the  ground 
and  live  in  earth  holes,  and  this  accounts,  perhaps, 
for  their  worn  and  polished  plates.    But  why  should 
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Thus  we  have  two  different  modes  of  growth  in  the  dermal  plates  of  Testu- 
dinata:  that  of  Eretmochelys  on  one  hand,  and  that  of  Testudo  on  the  other. 
Between  these  extremes,  we  have  every  possible  intermediate  feature.  Thus,  we 
find  that  in  the  Chelonioidae  and  Emydoidae,  though  the  plates  are  not  free 
behind  as  in  Eretmochelys,  but  on  the  contrary  lie  with  their  whole  under  sur- 
face upon  the  stratum  Malpighii,  as  in  Testudo,  they  still  grow  almost  exclusively 
in  front  and  on  the  sides,  showing  only  small  additional  stripes  behind,  or  none 
at  all.  This  is  still  more  strikingly  exhibited  in  the  Cinosternoida;,  and  here  it  is 
in  the  direction  of  the  Eretmochelys,  as  they  show  an  evident  inclination  to  an 
imbricated  position  of  their  plates.  It  is  already  visible  in  Cinosternon,  especially 
in  Cinosternon  flavescens,  but  still  more  in  the  Ozotheca  triquctra  of  our  South- 
ern States,  and  also  in  our  Northern  Ozotheca  odorata,  when  young.  I  have 
already  had  occasion  to  allude  above  to  the  moulting  of  the  epidermis  when 
speaking  of  Sphargis,  Trionyx,  and  Eretmochelys ;  but  I  am  persuaded  that  such 
a  change  in  fact  takes  place  in  all  Turtles.  In  Chrysemys  picta,  and  in  sev- 
eral other  fresh-water  Turtles,  such  as  Trachemys  elegans  and  scabra,  Ptychemys 
concinna,  Graptemys  Lessueurii,  etc.,  I  saw  in  the  spring  the  uppermost  layer  of 
the  dermal  plates  cast  off  at  once  as  one  continuous,  thin,  mica-like  Bcale  all  over 
the  plate,  and  under  it  the  fresh  epidermis,  showing  beautifully  by  its  transparency 
the  colors  of  the  Malpighian  layer.  This  reminded  me  very  much  of  the  moulting 
of  Snakes;  but  the  difference  consists  in  this,  that  in  Snakes  the  epidermis  is  cast 
off  as  one  continuous  skin  from  the  snout  to  the  end  of  the  tail,  while  in  Turtles 
each  scale  casts  its  epidermis  for  itself.  In  Testudo,  the  casting  off  of  the  old  epi- 
dermis is  very  different  in  different  species,  and  even  in  different  specimens  of  the 
same  species.1  I  have  seen  in  many  adult  specimens  of  Xerobates  carolinus,  and 
still  more  distinctly  in  some  old  specimens  of  Testudo  radiata,  the  central  plate 
of  the  scales,  that  is  the  plate  of  the  first  year,  perfectly  preserved  with  all  its 
fine  granules,  so  sharp  indeed  that  it  seemed  as  if  nothing  had  been  cast  from  their 
surface,  while  others  were  entirely  worn  out  These  facts  show  that  further  obser- 
vations are  very  much  needed  respecting  the  moulting  of  the  Reptiles.  Indeed,  this 
subject  requires  to  be  studied  anew  in  all  Vertcbrata* 


other  specimen*  of  Gopher,  which  have  the  same 
mode  of  life,  exhibit  all  the  sculptures  of  their 
plate*  ?  We  find  the  same  difference  between  the 
specimen*  of  Cisludo  virginca.  un<l  still  more  between 
those  of  Glyptemys  insculpta,  the  smooth  variety 
of  which  has  been  described  ok  a  distinct  species 

1  See,  above,  p.  2.VJ,  note  on  Gopher  and  C  Htudo. 


*  I  mean  here  particularly  also  the  moulting  of 
Mammalia  and  IVirds,  which  is  by  no  means  so  fully 
understood  us  it  would  appear  from  our  handbooks. 
D.  Weinland  has  presented  interesting  remarks  upon 
this  subject  in  a  paper  read  before  the  Boston  So- 
ciety of  Natural  History  in  the  beginning  of  this 
year.  See  the  Proceedings  of  the  Boston  Society 
of  Nat.  Hist,  for  1S56. 


Digitized  by  Google 


Chap.  I. 


THE  SKIN. 


201 


The  Colon  in  Turtles.  The  coloring  of  the  lowest  strata  of  the  epidermis,  the 
so-called  Malpighian  layer,  has  not  yet,  so  far  as  I  know,  been  the  object  of  a 
special  investigation.  I  deem  it,  therefore,  worth  our  while  to  take  up  this  point 
more  fully  than  other  parte  of  the  ordinal  characters.  The  uppermost  dry  part  of 
the  epidermis,  the  stratum  corneum,  which  is  so  extensively  developed  in  Turtles, 
exhibite  as  usually  by  far  the  smallest  part  of  the  colors;  the  most  beautiful  colore 
being  included  chiefly  in  the  Malpighian  layer.  That  stratum,  on  the  contrary,  is 
transparent,  with  a  grayish  lustre,  like  mica.  Thus  far  only  one  Turtle  is  known 
in  which  this  dry,  horny  layer  contains  all  the  coloring  matter,  at  least  as  far  as 
the  colors  are  visible  from  outside,  namely,  Eretmochclys  imbricata;  and  it  is  owing 
to  this  extraordinary  circumstance  that  in  the  dry  plates  of  this  Turtle  (the  tortoise- 
shell)  all  their  beautiful  colore  are  preserved,  even  after  the  plates  have  been  removed 
from  the  Malpighian  layer.  A  homogeneous  brownish  lustre  may  be  seen  witli 
the  microscope  in  the  epidermal  cells,  in  all  those  places  of  the  plate  where  it 
appears  brown ;  there  is,  however,  no  trace  of  pigment  cells,  nor  of  any  fluid,  and 
that  brownish  color  belongs  only  to  the  walls  of  the  cells.1  Still  more  intense 
colore,  often  black,  produced  in  the  same  way,  are  found  in  the  thick  plates  of 
nearly  all  land  Turtles,  for  instance,  in  Testudo  radiata,  polyphemus,  indica,  etc.,  and 
in  some  Chelonioida;,  as  in  Chelonia  Caouana  and  Mydas,  but  in  all  these  the  Mal- 
pighian layer,  lying  beneath  the  plates,  also  takes  part  in  forming  the  colore  which 
appear  outside. 

The  Malpighian  layer,  also  called  the  pigment  layer,  is  not  only  the  matrix  of 
the  epidermis,  but  at  the  same  time  the  bearer  of  the  pigment  in  Turtles.  It  is  moist 
and  soft,  and  of  very  different  thickness  in  different  families,  generally  however  thick 
enough  to  be  readily  separated  as  one  continuous  membrane  from  the  dry,  horny 
stratum  which  lies  above  it,  as  well  as  from  the  corium  or  bone  which  lies  below. 
It  Is  composed  of  large,  round,  transparent  cells,  lying  not  in  plane  layers,  but 
rather  imbricated.  On,  between,  and  beneath  these  cells  lies  the  pigment,  either 
in  cells  or  as  a  free  fluid  in  lacunes,  or  in  one  continuous  layer.  Thus  we  have 
to  distinguish  two  different  forms,  under  which  the  pigment  occurs  in  Turtles: 
first,  real  pigment  cells,  which  are  always  black  or  blackish  brown,  and  filled  with 
brownish  pigment  molecules,  upon  the  amount  of  which  in  a  cell  depends  its  more 
or  less  dark  tint;  and  secondly,  a  colored  oily  fluid,  moistening  generally  the  whole 
Malpighian  layer,  and  not  contained  in  regular  cells.  Under  this  second  form 
appear  the  most  various  colore,  such  as  the  yellow,  red,  brown,  and  also  sometimes 
black  tints  of  our  different  kinds  of  Turtles.  The  most  diversified  play  of  colore 
is  produced  by  the  combinations  of  these  free  fluid  colors,  by  their  superposition 


•  As  we  find  it  also  in  some  places  of  the  human  body.    See  Kolliker  Gewebclehre,  p.  98,  §  -13. 
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and  by  their  separation  through  cells  of  the  Malpighian  layer.  Generally  this  fluid 
is  again  combined  with  the  pigment  cells  described  above,  the  forms  of  which,  more 
or  less  radiated,  more  massive  or  more  slender,  produce  again  different  effects. 
Under  the  microscope,  the  free  fluid  coloring  matter  looks  generally  yellowish,  if 
the  effect  is  yellow ;  reddish,  if  the  effect  is  red.  Water  added  to  this  fluid  when 
taken  from  the  living  specimen,  causes  it  to  collect  in  larger  and  smaller  drops, 
and  then  their  oily  character1  becomes  evident  by  the  characteristic  blackish  margin 
of  the  drops.  We  have  still  to  mention  another  kind  of  color,  which  we  see 
only  in  one  genus  of  North  American  Turtles,  namely,  the  white  on  the  head  of 
some  specimens  of  the  genus  Cistudo.  This  appears  under  the  microscope  to  be  com- 
posed of  grayish  black  heaps,  and  if  these  are  farther  isolated,  we  find  them  com- 
posed of  thin  transparent  plates,  breaking  like  glass.  AH  these  pieces  together 
produce  the  impression  of  a  white  tint  upon  the  eyes,  by  interference  of  the  rays 
of  light,  just  as  the  powder  of  glass,  the  smallest  pieces  of  which  arc  also  trans- 
parent under  the  microscope. 

The  range  of  variations  which  the  colors  exhibit  in  one  and  the  same  species, 
in  many  genera  of  our  Testudinata,  is  almost  incredible;  and  unless  these  variations 
are  carefully  studied,  and  their  transitions  watched  for  a  long  time,  in  every  stage 
of  growth,  it  is  impossible  to  know  how  far  they  agree  with  the  natural  limita- 
tion of  species.  For  this  reason  most  descriptions  of  the  colors  of  our  Turtles 
are  incomplete  and  unsatisfactory,  being  generally  drawn  from  a  few  specimens. 
In  several  instances,  nominal  species  have  been  distinguished  merely  upon  differ- 
ences in  the  coloration.  This  has  been  done  to  the  greatest  extent  in  the  genus 
Ptychemys,  as  we  shall  see  hereafter.  Generally  speaking,  there  are,  however,  cer- 
tain tints  which  prevail  in  some  species,  while  other  tints  are  more  common  in 
other  species,  and  in  these  cases  the  colors  afford,  to  some  extent,  good  specific 
characters.  But  it  sometimes  happens  that  not  only  the  patterns  of  coloration, 
but  even  the  colors  themselves,  are  the  same  in  every  species  of  the  same  genus, 
so  that  coloration  requires  a  special  preliminary  and  extensive  study  for  every  genus, 
before  it  can  be  applied  to  the  systematic  characteristics  of  these  animals. 


1  In  relation  to  the  nature  of  this  oil,  see  D. 
Weiii land  on  Birds'  Feathers,  in  Cuban!?,  Journal 
far  Ornithologic  for  1854.  lie  appose*  that  the 
yellow  oil  turns  reddish  by  a  kind  of  oxydating 
process,  and  thus,  perhaps,  also  the  reddish  to 
brown,  and  this  to  black.  Such  an  oxydation  takes 
place,  as  we  know,  for  instance,  with  extravasated 
blood,  which  turns  black  very  likely  by  a  pro- 
cess of  bunting.    It  is  true,  this  is  a  pathological  ex- 


perience, and  it  may  not  seem  proper  here  to  refer  to 
it ;  but  pathology  rests  upon  the  same  laws  of  organic 
chemistry  as  physiology.  For  studying  these  colon 
in  Turtles,  we  recommend  as  fine  objects  the  red  and 
yellow  rings  on  the  marginal  plates  of  Chrysemys 
picta  and  marginata.  The  beautiful  brown-green 
color  of  the  dorsal  shield  of  the  latter  is  produced 
by  a  network  of  black  lacuna'  lying  on  a  homoge- 
neous layer  of  yellow  oil. 
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The  Corittm.  A  thorough  analysis  of  the  corium  is  of  the  greatest  interest 
in  the  study  of  the  Turtles,  because  this  part  of  the  skin  is  the  seat  of  all  those 
deposits  of  lime  which  compose  their  dermal  skeleton.  The  corium  is  composed  of 
two  very  different  layers:  first,  a  layer  of  elastic  fibres,  immediately  under  the  stra- 
tum Malpighii,  consisting  of  the  same  kind  of  anastomozing,  or  rather  netrlike,  elastic 
fibres  that  we  find  in  the  walls  of  the  arteries,  etc.;  secondly,  a  layer  of  a  tissue 
consisting  of  smooth,  long  fibres  crossing  each  other,  and  interwoven  sometimes 
more  regularly,  as  in  the  Trionychidse,  or  irregularly,  as  in  Sphargis.  According  to 
the  numerous  sections  which  we  have  made,  a  deposition  of  lime  generally  takes  place 
only  in  the  elastic  fibres,  while  the  fibrous  tissue  lying  beneath  is  resorbed.  At  least 
we  find  in  all  ossifications,  when  young,  the  arrangement  of  elastic  fibres  still  very 
distinct;  and  Sphargis,  in  which  a  bony  shield  of  about  two  lines  in  thickness 
begins  immediately  under  the  Malpighian  layer,  seems  to  show  this  particularly  well. 
Under  this  follows  a  thick,  coarse,  fibrous  tissue,  in  which  there  are  no  ossifications 
at  all ;  under  this,  finally,  follows  the  skeleton.  In  sections  made  in  different  direc- 
tions through  the  shield,  we  see  clearly  the  character  of  the  ossifications,  as  well  as 
that  of  the  skin  which  does  not  ossify,  and  that  of  the  skeleton  proper,  which  in 
most  Turtles  is  very  much  affected  by  the  ossification  of  the  skin.  A  section 
through  the  soft  but  thick  margin  of  the  dorsal  shield  of  Trionyx  ferox,  in  which 
no  ossifications  take  place,  shows  first  a  thin  epidermis,  then  a  thicker  layer  of 
elastic  fibres,  then  many  layers  of  fibres  crossing  each  other  regularly  and  producing 
by  the  regularity  of  their  knees  those  seeming  layers  of  the  skin  which  are  so  strik- 
ing to  the  naked  eye  in  any  transverse  section.  Another  section  through  a  dermal 
ossification  of  the  sternum  of  the  same  Turtle,  shows  the  difference  between  the 
true  skeleton  bone,  with  it*  very  regular  structure,  bone-holes,  etc.,  and  the  dermal 
bone  above  it,  in  which  many  canals  run  through,  piercing  it  in  different  directions, 
and  in  which  the  bone-holes  also  are  more  irregularly  disposed,  showing  its  origin 
from  elastic  fibres.  This  is  still  more  evident  in  a  section  through  a  younger 
ossification  in  Chelonia  Mydas,  where  the  roundish  or  longitudinal  holes  of  the 
elastic  fibres  are  very  distinct  Again,  another  section  near  the  former,  where  the 
ossification  has  not  yet  begun,  shows  the  character  of  the  elastic  tissue  when  it 
is  al>out  to  be  ossified.  A  horizontal  section  through  the  bony  shield  of  Sphargis, 
which,  as  stated  above,  nowhere  touches  the  bone,  is  also  very  characteristic.  This 
structure  furnishes  of  itself  sufficient  evidence  of  the  incorrectness  of  the  views 
which  Cuvier1  and  others  entertained,  that  the  whole  bony  shield  of  Turtles  is  pro- 


1  Without  making  any  distinction  between  the 
dermal  an,l  tnn  true  skeleton,  CuTicr  (Lecons  d'Ana- 
tomie  com  puree,  2d  edit.,  vol.  i.,  p.  '2G3,  and  Oxse- 
mente  fossilcs,  vol.  v.,  2d  part,  p.  195),  and  with  him 


also  Geoffroy,  (Mem.  du  Museum,  vol.  xiv.,)  consider 
the  carapace  as  formed  entirely  by  the  dilatation  of 
the  vertebnr  and  the  rib*.  Cains  (Urthcile,  etc.,  p. 
150)  was  Uk:  first  to  show  that  a  considerable  portion 
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duced  by  a  mere  enlargement  and  overgrowing  of  the  vertebra  and  the  ribs,  that 
is  to  say,  by  the  peculiar  development  of  certain  bones  of  the  true  skeleton. 

The  bony  shield  of  Sphargis  exhibits,  moreover,  some  peculiarities  which  we  do 
not  find  in  other  Turtles.  There  is  a  most  elegant  pavement  of  small  plates, 
extending  over  the  whole  shield,  seemingly  jointed  to  each  other  by  the  finest 
sutures,  which,  however,  are  in  fact  nothing  but  nutritive  canals  starting  from  those 
seeming  sutures,  themselves  larger  canals,  and  ramifying  through  the  plates  as  a 
fine  network  of  a  yellow  color,  owing  to  the  fat  fluid  which  the  canals  contain. 
As  I  possess  no  young  specimens  of  this  Turtle,  I  have  had  no  chance  to  observe 
the  corium  before  it  is  ossified,  so  that  this  remains  to  be  studied.  The  character  of 
the  ossification  is,  however,  really  the  same  as  in  the  dermal  ossification  of  Trionyx, 
mentioned  above,  except  that  the  canals  seem  to  be  more  regular  in  Sphargis. 
With  reference  to  the  extension  of  these  ossifications,  I  have  already  made  some 
remarks  above,  when  speaking  of  the  bony  shield  generally.1  I  have  now  only 
to  condense  all  the  observations  related  above,  in  a  few  words. 

The  ossifications  of  the  corium  in  Turtles  take  place  only  in  the  dorsal  and 
ventral  walls  of  the  body.  Their  development  is  greatest  in  land  Turtles,4  and 
least  in  the  Trionychidas  and  Sphargidida* ;  in  which  latter,  though  they  are  relatively 
more  extensive  than  in  the  Trionychidto,  they  yet  nowhere  reach  the  true  skeleton. 
The  deposition  of  lime  in  these  ossifications  is  mostly  so  extensive,  that  they  are 
just  as  hard  as  true  bone,  and  in  proportion  to  this  deposition  of  lime,  their 
structure  approaches  also  more  and  more  that  of  true  bone,  the  holes  of  the 
clastic  membrane  appearing  then  as  haversian  canals,  and  around  them  the  fine  bone- 
holes,  but  it  shows  still  everywhere  its  character  as  dermal  bone  by  the  irregularity 
of  its  structure.  In  order  to  ascertain  what  is  true  skeleton  bone,  and  what  dermal 
bone,  J  have  availed  myself  not  only  of  the  difference  in  their  structure,  but  resorted 
also  to  the  investigation  of  the  cartilaginous  skeleton  in  the  embryo,  or  in  the  young 
soon  after  hatching.  Such  young  Turtles  furnish,  indeed,  the  most  beautiful  micro- 
scopical objects  for  the  study  of  cartilage  and  its  ossifications.  Now  wherever  we 
find  regular  cartilage  in  the  young,  we  take  it  for  granted  that  such  parts  are  to 
be  considered  as  belonging  to  the  true  animal  skeleton.    Thus  we  have  ascertained 


of  the  so-called  skeleton  of  the  Testudinnta  is  formed 
by  the  akin.  Tlii*  hos  been  further  illustrated  by  W. 
Peters  (Obscrvntioncs  ad  Auatoniam  Cheloniorum, 
Berolini,  1*38)  and  by  Owen  (Observations  on  the 
Development  of  the  Carapace  and  Plastron  of  the 
Cheloniana,  Philos.  Trans.,  184!),  and  Fossil  Reptilin, 
Paltcontographieal  Society,  1849).  The  moat  fink- 
ing evidence  of  the  independence  of  the  dermal  and 


the  true  skeleton  is  afforded  by  the  solid  frame  of 
Trionyx,  in  which  the  growth  of  the  dermal  and  of 
the  true  skeleton  takes  place  by  an  alternate  extension 
of  their  respective  peripheric  parts,  as  we  shall  see 
fully  when  considering  this  family  more  in  detail. 

1  See,  above.  Sect.  4.  p.  S55-257. 

1  It  is  in  this  sense  that  the  statement  on  page 
23C,  line  22,  i»  to  be  understood. 
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that  all  the  nine  sternal  bones  of  the  Turtles  are  not  mere  dermal  ossifications,  as 
Rathke,1  misled  by  the  attachment  of  the  muscles  inside,  would  suppose,  but  that  they 
really  belong  to  the  skeleton,  being  regular  cartilages  with  distinct  forms,  and  of  the 
same  shape  as  the  bones  in  the  adult  In  the  same  way  we  have  ascertained  that 
the  marginal  bones  are  mere  ossifications  of  the  skin,  and  by  no  means  to  be  com- 
pared with  the  long  bridges  which  connect  the  true  ribs  and  the  sternum  in  Birds,  as 
Geoffrey,  and  after  him,  Dumenl  and  Bibron,  believed.8  We  found,  farther,  that 
that  strange  crosspiece,  the  foremost  transverse  bone  in  the  carapace,  is  a  regular 
skeleton  bone,  though  I  do  not  venture  to  call  it  either  a  rib  or  a  transverse 
process  of  the  last  neck  vertebra,  as  one  might  perhaps  think  it  to  be.  There 
are  limite  to  explaining  and  homologizing.  We  cannot  make  up  a  Bird  from 
the  bones  of  a  Turtle,  nor  a  Man  from  the  bones  of  a  Fish,  as  some  anatomists 
have  recently  tried  to  do,  who  misunderstood  the  great  thoughts  of  Oken  and 
other  philosophers  respecting  the  structure  of  the  skeleton. 

If  we  go  back  to  the  earliest  stages  of  growth  of  the  Testudinata  to  ascer- 
tain the  true  character  of  their  bony  shield,  it  will  be  easy  to  show  that  the 
bony  walls  which,  in  the  adults,  form  the  dorsal  and  pectoral  shields,  consist  at 
first  simply  of  cells,  out  of  which  the  skeleton,  the  muscles,  and  the  skin  arc 
formed  in  the  end,  in  all  Vertebrates,  and  that  it  is  not  the  skin  only  which  is 
here  absorbed  into  the  skeleton,  but  the  whole  animal  wall  This  view  of  the 
case  may  render  more  intelligible  the  apparently  abnormal  position  of  the  limbs, 
and  the  mode  of  attachment  of  the  pectoral  muscles. 


SECTION  VI. 

THE  SKELETON. 

Head.  The  skull  in  the  Turtles  is  more  solid  and  compact  than  in  the  Saurians 
and  Ophidians;  the  bones  of  the  face,  in  particular,  are  immovably  fixed  to  the 
skull-box;  the  os  quadratum  is  also  soldered  to  it  by  a  tight  suture  as  in  Crocodiles 
and  in  Mammalia,  while  in  the  other  Reptiles  and  in  Birds  it  is  jointed  to  the 
skull  only  by  ligaments  and  a  socket  The  lower  jaw  is  formed  of  one  solid, 
bony  arch,  the  soft  symphysis  between  its  branches  having  entirely  disappeared 
as  in  Birds,  while  in  Saurians  this  symphysiB  always  remains  more  or  less  carti- 


1  SecIUUikcUeberdieEnlwickelungderSchild-  «  Geoffroy,  in  Annalcs  du  Unfa*  vol.  xiv. 

kriiten,  p.  122.  Dum^ril  and  Bibron,  in  Erpetologie  generate,  vol.  i. 
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laginous,  and  in  the  Ophidians  it  is  so  elastic  as  to  allow  the  branches  to  move 
far  apart  one  from  the  other. 

This  solid  conformation  of  the  head  shows,  again,  the  high  standing  of  the 
Testudinata,  for  the  loose  connection  of  the  bones  of  the  head  is  a  character  peculiar 
to  Fishes,  while  the  solid,  compact  skeleton  of  the  head  is  characteristic  of  Mammalia. 
There  is  still  another  feature  in  the  head  of  the  Turtles  which  gives  it  a  general 
interest:  the  great  similarity  of  the  hind  part  of  the  skull  to  a  vertebra.  The 
resemblance  of  the  os  occipitale  basilare  to  the  body  of  a  backbone,  and  of  the 
ossa  occipitalia  latcralia  to  an  upper  arch,  is  more  striking  than  in  any  other  Ver- 
tebrate. The  bones  around  the  brain  are  flattened ;  the  parietal  bones  inclose 
the  brain  from  above  and  from  the  sides,  the  wings  of  the  sphenoid  remaining 
relatively  small  There  are  two  pairs  of  frontal  bones;  the  exterior  ones  are 
generally,  though  not  always,  united  by  a  median  suture,  and  cover  the  nasal 
cavity  from  behind.  There  are  no  nasal  bones,  except  in  one  genus.'  In  the 
fresh  animal,  the  condylus  occipitalis  is  a  nearly  round  prominence  with  a  depres- 
sion in  the  middle,  in  which  the  second  vertebra  articulates;  when  dry  it  is 
triangular.  In  the  dry  skull  the  composition  of  this  condylus,  formed  from  one 
basilar  and  two  lateral  occipital  bones,  is  evident  by  the  sutures.  This  structure  is 
the  same  as  in  the  true  Saurians  and  Ophidians;  but  while  in  Turtles  the  second 
vertebra  fite  with  its  head  into  the  pit  in  the  middle  of  the  condylus,  in  the 
Saurians  and  Ophidians,  on  the  contrary,  it  rides  upon  a  roundish  excavation 
on  the  upper  side  of  the  condylus.  Again,  the  Crocodiles  differ  from  the  three 
other  orders  of  Reptiles  by  having  their  round  condylus  formed  only  from  the 
os  basilare. 

There  are  nine  vertebra}  of  the  neck,  (not  eight  as  is  generally  stated,)  the 
second,  the  so-called  odontoid  process  of  the  epistropheus,  very  clearly  showing,  in 
these  Reptiles,  its  right  to  be  considered  as  a  distinct  vertebra,  as  it  remains  separated 
from  the  epistropheus  through  life.  There  are  no  transverse  processes  in  any 
vertebra  of  the  neck.  The  upper  arches  are  always  soldered  to  the  bodies  of 
the  vertebras  by  sutures.  The  articulation  of  these  vertebne  to  each  other  is 
entirely  peculiar  to  Turtles,  there  being  some  convex-concave,  some  concave-convex, 
one  biconcave,  (usually  the  eighth,)  and  one  biconvex,  (usually  the  fifth.)  This 
configuration  of  the  vertebrae  gives  fixity  to  certain  bending*  of  the  neck,  thus 
depriving  it  of  that  flexibility  which  is  characteristic  of  the  neck  of  the  Birds, 
while  it  is,  at  the  same  time,  much  more  movable  than  the  neck  of  any  other 
order  of  Reptiles,  or  that  of  the  lower  Vertebrates. 

1  In  Hydromedu*a,  niuwl  bones  hove  been  di*-  Cheloniorum,  Berol.,  1H38.)  Whether  thu  character 
covered  by  W.  Peter*,  (Observationes  ad  anatomiam       u  common  to  all  Hydnwpides,  remains  to  be  seem 
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The  vertebras  of  the  chest  and  abdomen  are,  as  in  Birds,  soldered  together 
into  one  inflexible  and  more  or  less  convex  arch,  though  there  are  still  thin 
cartilaginous  cushions  between  them.  That  connection  is  chiefly  effected  by  the 
spinal  processes,  which  grow  continuously,  without  an  intervening  suture,  into  the 
ossified  shield  formed  in  the  corium  all  over  the  back,  thus  forming  a  kind  of 
framework  for  that  superimposed  roof. 

The  ribs  are  fixed  to  the  places  where  the  vertebra?  meet,  but  the  vertebrae 
do  not  send  out  peculiar  processes  for  their  support  They  arc  strongest  in  those 
Turtles  in  which  the  ossifications  of  the  coriiun  are  least  extensive,  namely,  in 
the  Trionychida?,  Sphargidida?,  and  Chelonioidas ;  weaker  in  the  Chelydroida)  and 
Emydotda?;  weakest,  and  indeed  often  disappearing  entirely,  in  the  land  Turtles. 

The  sternum  consists  of  nine  bones,  four  in  pairs,  one  odd,1  all  of  which  are 
true  bones.  Their  relation  to  each  other  in  size  and  connection  varies  greatly  in 
different  families.  While  in  the  land  Turtles  and  Emydoidne  they  form  one  solid, 
continuous,  broad  shield,  covering  the  whole  chest  and  the  abdominal  region  from 
below,  they  are  much  less  developed  in  some  of  the  Cinostcrnoida?,  (Ozotheca,  for 
instance,)  and  least  in  the  Trionychida),  Chclonioidaj,  and  Sphargididie.  In  all  the 
three  latter  families,  the  bones  of  the  sternum  are  very  narrow,  meeting  each  other 
by  slender  processes,  leaving  much  room  between  them,  which  is  filled  out  by  the 
corium,  thus  forming  a  flat,  ekistic  sternum.1  The  sternum  is  jointed  to  the  ribs 
by  means  of  a  bony  bridge,  which  may  be  compared  to  the  cartilaginous  or  bony 
bridge  of  other  vertebrates,  while  the  so-called  marginal  bones  are  mere  ossifica- 
tions of  the  skin. 

The  vertebra?  of  the  tail  are  very  movable,  convex  behind,  concave  before. 
No  spinal  processes  cither  above  or  below. 

The  locomotion  in  Turtles  is  entirely  restricted  to  the  four  legs.  The  bones 
which  are  subservient  to  locomotion,  appear  entirely  peculiar  to  this  order  of 
Reptiles,  as  far  as  their  form  and  connection  with  each  other,  as  well  as  their 
position  with  reference  to  the  other  parts  of  the  skeleton,  are  concerned. 

The  shoulder  apparatus  no  longer  rests  upon  the  ribs  as  in  the  other  Verte- 
brata,  but  lies  in  advance  of  the  ribs,  and  is  more  or  less  withdrawn  under  them. 
The  whole  construction  of  these  Reptiles  shows  the  intention  to  cover  all  soft  parts 
by  a  hard  shield.  This  being  the  case,  there  is  no  room  for  a  movable  appa- 
ratus upon  the  ribs.     As  the  shoulder  apparatus  with  the  humerus,  so  also  is  the 


1  Thu  odd  bone  is  warning  in  the  full-grown 
Cinosternoidw. 

*  It  h  for  this  reason,  perhaps,  that  we  do  not 
find,  in  these  three  families,  the  sternum  of  the  males 
scooped  out,  (to  facilitate  copulation,)  as  wc  find  it 


generally,  though  not  always,  in  land  and  mursh 
Turtles.  In  Sphargididat  the  sternum  is  reduced 
to  a  bony  ring,  consisting  of  slender  piece*,  and  the 
disc  inclosed  by  it  is  mere  corium.  The  odd  bone 
seems  to  be  wanting. 
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pelvis  with  the  femur,  withdrawn  under  that  large  bony  roof,  though  the  ribs  do 
not  extend  over  the  pelvis  as  they  do  really  over  the  whole  shoulder  apparatus. 
As  we  have  already  seen,  in  the  preceding  section,  that  this  bony  roof  is  formed 
of  the  ossification  of  the  skin,  it  is  plain  that  the  position  of  the  four  limbs, 
below  its  spreading  margins,  docs  not  alter  their  homologies,  and  that  on  the 
whole  the  locomotive  members  occupy  here,  as  in  all  quadrupeds,  a  normal  posi- 
tion upon  the  sides  of  the  backbone,  and  that  they  are  as  usual  protected  by 
the  general  covering  of  the  body,  only  that  here  this  outer  envelope  is  ossified. 
It  follows,  therefore,  that  Testudinata  cannot  form  a  class  by  themselves.  The 
shoulder  is  composed  of  three  narrow  bones,  rather  long  and  straight,  meeting  in 
one  point,  and  forming  at  their  junction  the  cavitas  glenoidalis  for  the  humerus. 
Two  of  these  bones,  soldered  together  at  right  angles1  as  one  bone,  represent, 
the  upper  one,  the  scapula,  the  lower,  the  furcula  of  the  Birds;2  the  third  bone, 
running  backwards,  answers  to  that  bone  in  Birds  which,  coming  from  •  the  scapula, 
rests  in  a  deep,  transverse  socket  of  the  sternum.  Merely  to  use  names  already 
adopted,  and  without  intending  to  homologize  these  bones  beyond  the  limits  here 
alluded  to,  we  shall  call  the  first,  scapula,  the  second,  acromion,  and  the  third, 
coracoid  process.  The  scapula,  a  long,  cylindrical  bone,  is  attached  by  a  ligament 
to  the  dorsal  column  just  before  the  first  (rudimentary)  rib ;  the  acromion,  a  shorter, 
somewhat  flattened  bone,  is  attached  to  the  sternum  by  syndesmose  just  before  the 
odd  bone.  The  coracoid  process  runs  backward  and  hangs  free  between  its  mus- 
cles; its  broad,  flattened  posterior  end,  and  the  end  of  the  acromion,  are  connected 
by  a  strong  ligament  This  coracoid  corresponds  in  its  form  and  in  its  relations 
to  the  other  bones  of  the  shoulder  apparatus,  though  not  in  its  attachment  to 
the  coracoid  of  the  Saurians,  the  Crocodiles,  and  the  Birds,  in  all  of  which  its 


1  There  is  only  one  exception  known  to  this  gen- 
eral rule.  In  a  skeleton  of  a  North  American  Emys, 
in  the  Anatomical  Museum  of  Berlin,  there  is  on  one 
aide  of  the  animal  a  suture  between  i in  ■  <■  two  bones. 
See  Stannius,  Handbuch  dcr  Zootomie,  L,  2d  edit, 
p.  75,  note 

■  Thm  has  been  much  diversity  of  opinion  about 
the  homology  of  the  three  bones  of  the  shoulder 
ap|Hiratiis  of  the  Turtles,  and  the  two  or  three  bones 
which  we  And  in  their  place  in  other  Vcrtebrata. 
Bojanus,  in  his  great  work,  Anatome  Testudinis  Eu- 
ropean, Vilnaf,  loll),  at  first  mistook  the  coracoid  for 
the  scapula,  and  called  clavicula  the  scapula,  together 
with  the  acromion  (see  PL  viu„  O  and  N)  ;  but  he 
soon  afterwards  corrected  himself  in  the  Isis.  Cuvier, 


and  most  anatomists  now  living,  Stannius,  among  them, 
in  the  second  edition  of  his  Handbook,  have  named 
these  bones  as  we  do,  while  in  his  first  edition,  p.  139, 
Stannius  called  the  acromion,  clavicula.  Dumcril 
and  Bibron  (Erpeiologie  geneiule,  I.,  p.  382)  call  the 
coracoid,  clavicula.  We  see  here  that  for  each  bone 
nearly  all  possible  homologies  have  been  supported 
by  some  writer  or  other.  This  seems  to  show  that 
there  are  limits  to  homologizing.  Though  we  are 
persuaded  that  these  bones  of  the  Turtles  are  homol- 
ogous to  those  of  the  Birds  in  the  manner  in  which 
we  have  referred  them,  one  to  the  other;  yet  we  do 
not  dare  to  go  farther,  and  homologize  them  at  the 
same  time  with  the  bone*  of  the  shoulder  in  Mamma- 
lia, and  still  less  with  the  thoracic  arch  of  Fishe*. 
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lower  end  rests  in  a  socket,  in  the  foremost  part  of  the  sternum ;  but  in  Turtles 
the  whole  shoulder  apparatus  being  drawn  inwards  and  backwards,  this  bone  had 
to  be  removed  from  the  sternum,  and  lies  free  in  the  muscles. 

The  humerus  is  short,  crooked,  and  turned  inwards  in  such  a  way  that  it 
moves  inwards  in  one  plane  with  the  scapula  and  coracoid.  The  forearm  is  articu- 
lated upon  the  large  lower  epiphysis  of  the  humerus,  but  its  position  is  peculiar 
to  the  Turtles,  its  transverse  diameter  standing  vertically.  This  is  effected  by  an 
overlying  of  the  fibula  upon  the  radius.  In  the  structure  of  the  hand,  we  find 
again,  in  the  same  manner  as  in  the  forearm,  the  transverse  diameter  standing  ver- 
tically, the  ulnar  side  above,  the  radial  side  below.  This  singular  conformation  of  the 
shoulder,  the  arm,  the  forearm,  and  the  hand,  makes  it  possible  for  the  fore  leg  to  be 
drawn  back  under  the  upper  shield  by  the  bending  of  all  the  joints  in  the  plane 
of  the  scapula.  This  motion  is  more  or  less  extensive  in  different  families,  accord- 
ing to  the  degree  of  expansion  of  the  carapace. 

The  conformation  of  the  hand  varies  much  in  different  families,  according  to  its 
function  as  a  paddle,  as  a  fin,  or  as  a  pillar.1 

The  pelvis  is  much  easier  to  understand  than  the  shoulder.  It  is  formed,  on 
each  side,  by  three  permanently  distinct  bones,  meeting  in  the  condyloid  cavity. 
Two  pairs  of  these  bones  are  flat  and  more  or  less  horizontal,  and  rest  upon  the 
sternum,  to  which  they  are  more  or  less  closely  attached.  The  larger  pair,  the 
ossa  pubis,  leans  forwards,  the  smaller  pair,  the  ossa  ischii,  backwards.  The 
bones  of  each  pair  unite  respectively  with  one  another  in  the  middle,  in  a 
median  line,  while  the  two  bones  of  the  same  side,  meeting  laterally,  form  the 
lower  part  of  the  cavity  for  the  femur.  The  upper  part  of  this  cavity  is  formed 
by  the  third  pair  of  the  pelvic  bones,  the  ossa  ilii;  these  are  smaller  cylindrical 
bones,  much  enlarged  at  both  ends,  running  upwards  and  backwards,  and  meeting 
with  the  long  transverse  processes  of  the  sacrum. 

The  bones  of  the  hind  leg  agree  generally  with  those  of  the  fore  leg,  though 
the  femur  is  straighter  than  the  humerus.  There  are,  however,  great  differences 
in  different  families,  in  respect  to  the  relative  size  of  the  two  pairs  of  the  legs. 
These  differences  are  so  strongly  marked  between  the  marine  Testudinata  on  one 
side,  and  the  fluviatilc  and  terrestrial  types  of  the  order  on  the  other  side,  that 
they  cannot  be  considered  as  family  characters,  but  rather  point  out  a  natural 
subdivision  of  the  whole  group,  already  hinted  at  above,1  and  to  which  I  shall 
again  call  attention  hereafter. 

»  See  the  Family  Character*,  below,  Chap.  2.  •  See,  above,  Sect.  2,  p.  241-249. 
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MUSCLES. 

The  ordinal  characters  of  the  Turtles,  as  far  as  the  muscles'  are  concerned, 
are  particularly  obvious  in  the  muscles  of  the  neck  and  in  those  of  the  region 
of  the  trunk.  That  hulk  of  muscles  which  in  Ophidians  and  Saurians  lies  above 
and  below  the  vertebral  column  and  the  ribs  has  almost  entirely  disappeared, 
owing  to  the  immovability  of  the  trunk.2  There  exist  only  two  muscles  along 
the  back  of  the  Turtle,  and  even  these  disappear  in  that  family,  which  is  char- 
acteristic of  the  highest  development  of  the  order,  in  the  land  Turtles.  These 
muscles  are,  a  musculus  longissimus  dorsi  and  a  M.  retrahens  capitis  collique,  both 
originating  from  the  dorsal  column  or  its  neighborhood,  and  attached  to  the  neck 
or  to  the  head ;  so  that,  properly  speaking,  even  these  are  more  muscles  of  the 
neck  than  of  the  trunk. 

Hie  musculus  longissimus  dorsi*  runs  along  the  back  on  both  sides  of  the 
vertebra?,  between  the  ossified  coriutn  and  the  ribs.  It  originates  from  about 
the  eighth  or  ninth  to  the  fourth  or  third  rib  and  the  dorsal  shield  of  that 
neighborhood,  and  is  attached  to  the  last  or  to  the  two  last  vertebrae  of  the  neck. 
It  is  very  large  and  powerful  in  the  family  of  the  Snapping-Turtles,  (Chelydroidtc,) 
the  arches  through  which  it  passes  being  here  high  and  broad.  This  passage  is 
much  narrower  iu  the  family  of  the  Emydoithe,  and  the  muscle  also  much  weaker; 
in  Cistudo  virginca,  the  highest  of  the  Emydoidoe  and  the  nearest  to  the  land 
Turtles,  we  see  it  developed  only  in  the  anterior  part  of  the  trunk,  until  in  the 
land  Turtles  it  disappears  entirely.  Even  the  arches  through  which  it  passes  in 
other  Turtles  disappear  in  consequence  of  the  resorption  of  the  ribs  which  takes 


1  For  further  delails  respecting  the  muscular 
system,  sec  Bojasus,  Anntomc  Tcstwdinis  Europrca-, 
Vilna-,  1819-21,  1st  vol.  For  a  comprehensive 
abstract  of  what  is  now  known  respecting  the  mus- 
cular apparatus  of  all  Turtles,  see  the  valuable 
work  of  Stasnws,  Zootomie  der  Wirbelthiere,  2d 
edit.,  Berlin,  1856. 

distixit-L  iiiLisc.ulm*  lti^  t. r  i  <  ©  1 1  j  i  1 1 1 1 ^  juid 
distinct  musculi  intercostal «s,  are  only  to  be  found 
in  very  young  Turtles,  in  embryos,  or  in  specimens 
reeenlly  hatched.  I  have  seen  these  muscles  roost 
distinctly  in  the  young  Chelydra  serpentina  and  in 


Trionyx  ferox.  Sec  also  Rathke,  (R.,)  Ueber  die 
Entwickelung  dcr  Sehildkroten,  p.  155. 

*  In  Frays  serrata,  Lesueurii,  and  geographica, 
this  muscle  is  much  smaller  than  in  E.  Europa*,  as  it 
has  been  described  by  Bojanus.  In  Emys  concentrica, 
it  is  the  same  as  in  the  European  species.  But  in 
Chelydra  serpentina  this  muscle  is  very  powerful, 
and  the  arches,  near  the  dorsal  column,  through  which 
it  passe*,  are  very  large  and  high.  In  Chelonia 
Mydas,  it  is  small.  In  Cistudo,  we  find  it  only 
in  the  anterior  part  of  the  dorsal  column,  and  in 
Teatudo  there  is  no  trace  of  it. 
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place  in  this  family  in  proportion  as  the  ossification  of  the  skin  advances.  This 
is  the  muscle  above  the  ribs. 

The  second  muscle,  the  M.  retrahens  capitis  collique,  is  below  the  ribs.  This 
muscle  is  peculiar  to  the  Turtles,  the  conditions  of  its  existence  being  a  solid 
trunk  and  a  very  movable  neck.  It  originates  from  the  bodies  of  all  or  most 
vertebras  of  the  trunk,  and  is  attached  to  the  articulating  processes  of  the  vertebra? 
of  the  neck  and  to  the  occiput  In  some  Turtles,  it  would  be  better  to  consider 
it  as  divided  into  two  distinct  muscles,1  as  its  action  is  not  always  simultaneous. 


1  BojanuB  has  described  these  muscles  as  one, 
In  accordance  with  the  subject  of  his  investigations 
the  Ewys  europaf-a,  in  which  the  division  into  two 
muscles  is  much  less  marked  than  in  many  other 
genera,  Ozotheea,  for  instance.  In  Emys  serrata,  we 
find  it  as  in  Emys  europa-a.  In  Emy*  concentrica, 
the  muscle  is  one,  originating  from  the  eighth  to  the 
sixth  dorsal  vertebra,  and  attached  from  the  sixth 
to  the  fourth  neck  vertebra,  and  with  a  long  tendon 
to  the  occiput.  In  Emys  geographic*  and  Lcsucurii, 
it  is  the  same.  In  Cistudo  virginea,  it  arises  from 
between  the  ribs  near  the  tenth  to  the  second  dorsal 
vertebra  to  the  seventh  and  fifth  neck  vertebra;  and 
the  occiput.  In  Ozotheca  odorata,  we  sec  distinctly 
two  muscles.  One  of  them,  the  If.  retrahens  colli  in- 
ferioris, originates  on  each  side  of  the  dorsal  column 
from  the  base  of  the  third  to  the  fifth  rib,  and  is 
attached  laterally  to  the  penultimate  (eighth)  vertebra 
of  the  neck.  This  muscle  draws  the  lowest  part  of 
the  neck  backwards  and  upwards.  Tin  other,  the  SI. 
retrahens  capitis  collique  superioris,  originating  from 
the  bases  of  the  fifth  to  the  seventh  ribs,  is  uttached 
with  one  tendon  to  the  uppermost  part  of  the  sixth 
neck  vertebra,  with  another  to  the  occiput.  This 
muscle  draws  the  uppermost  part  of  the  neck  and  the 
head  backwards.  When  ()ioth<>ca  retracts  its  large 
head,  which  it  does  faster  than  any  other  Turtle, 
both  muscles  first  operate  simultaneously,  but  soon 
the  short  M.  retrahens  colli  inferioris  is  entirely 
contracted,  while  the  other  is  drawing  further. 
Beyond  these  two  muscles,  we  find  in  this  genus  a 
third  muscle  much  developed,  which  serves  the  same 
purpose.  The  M.  lateralis  retrahens  ultima  verte- 
bra? colli,  originating  from  the  base  of  the  second 
rib  and  the  sjmicc  between  this  and  the  third,  and 


attached  to  the  uppermost  lateral  part  of  the  last 
(ninth)  neck  vertebra.     This  muscle  is  strong  also 
in  Cistudo  virginea,  where,  however,  it  originates 
only  from  the  base  of  the  second  rib.    In  our  Green 
Turtle,  (Chelonia  Mydns,)  we  find  a  distinct  though 
weak  M.  rctrahcni;  colli  inferioris  from  the  first  dorsal 
to  the  last  neck  vertebra,  while  the  M.  retrahens 
capitis  collique  superioris  is  entirely  wanting.  But 
at  the  same  time,  it  is  well  known,  that  in  this  family 
the  power  of  retracting  the  head  and  the  extremities 
under  the  shield  is  very  much  reduced,  indeed,  nlmost 
entirely  wanting.     On  the  contrary,  in  Testudo 
tabulata  these  muscles  are  very  strong.    The  M. 
retrahens  capitis  collique  superioris  originates  from 
the  seventh  dorsal  to  the  first  sacral  vertebra,  and  is 
attached  from  the  third  to  the  fifth  neck  vertebra  and 
the  occiput ;  the  M.  retrahens  colli  inferioris,  from 
the  first  to  the  sixth  dorsal  vertebra,  and  from  the 
sixth  to  the  ninth  neck  vertebra.    Thus,  both  these 
muscles  occupy  the  dorsal  column  from  the  head  to  the 
sacrum.    In  these  land  Turtles  we  observe,  indeed, 
the  other  extreme  of  wluit  we  have  noticed  in  the  sea 
Turtles,  as  in  them  all  structural  elements  arc  em- 
ployed for  the  purpose  of  covering  all  the  soft  parts 
by  a  thick,   large   shield,   under  which  ihey  are 
retracted.    In  Chelydra  serpentina,  wc  may  consider 
these  muscles  as  one,  originating  from  near  the  tenth 
to  the  fourth  dorsal  vertebra,  (rather  from  the  bases 
of  the  ribs  in  this  region,)  and  attaclied  to  the  eighth 
and  seventh  neck  vertebra-,  and  with  a  long  tendon 
to  the  occiput.    In  this  family,  however,  this  muscle 
is  not  developed  in  the  same  degree  as  the  remaining 
muscular  system,  and  particularly  that  of  the  leg* 
and  tail,  which  is  truly  extraordinary,  and  ai<ls  in 
the  peculiar  darting  motions  of  the  body. 
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The  first  of  these  is  a  very  long  muscle,  originating  from  the  posterior  vertebra 
of  the  trunk,  and  attached  to  the  foremost  neck  vertebra  and  the  head.  Its 
function  is  to  draw  back  the  head  and  the  uppermost  part  of  the  neck,  so  thut 
we  may  call  it  musculus  retrahens  capitis  collique  superioris.  The  second  muscle 
is  much  shorter,  originating  from  the  anterior  vertebra)  of  the  trunk,  and  attached 
to  the  lower  part  of  the  neck.  It  lies  below  the  first,  and  its  function  is  to 
draw  the  lower  part  of  the  neck  backwards.  We  may  call  this  muscle  M.  retrahens 
colli  inferioris.  The  form  into  which  the  neck  is  thus  contracted  is  that  of  an 
S  in  a  vertical  plane.  I  regret  deeply  that  I  have  not  had  an  opportunity  of 
examining  the  arrangement  of  the  muscles  of  those  Turtles  which  bend  the  neck 
sideways  and  fold  it  under  the  margin  of  the  shield,  as  do  the  ChelyoidaB  and 
Hydraspides. 

Considering  now  the  cervical  muscles  proper,  we  find  a  system  of  shorter 
muscles  largely  developed,  running  from  one  vertebra  to  the  next  or  to  the 
next  but  one.  These  muscles  are  particularly  subservient  to  stretching  the  neck 
into  a  straight  line,  when  it  has  been  bent  by  the  muscles  described  above,  and 
thus  to  dart  it  forwards,  as  all  Turtles  do  more  or  less  rapidly.  This  action  is, 
however,  peculiar  and  very  quick  and  powerful  in  the  families  of  Chclydroidse 
and  Cinosternoidie. 

The  posterior  part  of  the  dorsal  column,  with  it*  free  vertebras  between  the 
sacrum,  the  anus,  and  the  tail,  is  also  provided,  like  the  free  movable  neck,  with 
a  well  developed  muscular  apparatus,  which  is  particularly  powerful  in  Chelydra. 
The  muscles  which  move  this  part  originate  from  the  three  pairs  of  pelvic 
bones. 

The  muscles  of  the  shoulder  and  of  the  pelvis,  which  are  all  inside  the  bony 
box,  are  very  difficult  to  homologize  with  those  which  we  find  in  other  Reptiles  or 
in  other  Vertebrata.  Two  pairs  of  muscles,  originating  from  the  hind  part  of  the 
plastron  and  attached  to  the  ossa  ischii  and  pubis,  draw  the  pelvis,  the  first  back* 
wards,  the  second  forwards.  Stannius  mentions  traces  of  Musculi  recti  in  some 
Turtles,  originating  from  the  anterior  ventral  part  of  the  pelvis.  Musculi  obliqui 
externi  and  interni  are  obvious  in  almost  all  Turtles.  The  obliqui  extend  are 
particularly  developed.  Originating  from  the  inside  of  the  marginal  bones  of  the 
dermal  shield,  they  are  attached  to  the  os  pubis. 

The  muscles  for  the  shoulder  are  not  much  developed  in  comparison  with 
those  of  the  Saurians  or  Birds,  in  which  the  shoulder  lies  free  on  the  outside  of 
the  ribs.  There  is  one  muscle  in  Turtles  drawing  the  scapula  forward,  the  M. 
scalenus  or  levator  scapula)  of  Bojanus,  originating  from  the  lower  part  of  the 
vertebr®  of  the  neck  and  attached  to  the  acromion;  and  another,  originating  from 
that  large  crosspiece  mentioned  above,  p.  265,  (which  may  be  looked  upon  as  a 
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processus  transversus,  or  as  a  first  rudimentary  rib,)  and  from  the  dorsal  shield 
in  ita  neighborhood,  going  to  the  scapula  and  drawing  it  backwards.  This  muscle 
is  the  M  subclavius  or  retractor  scapula)  of  Bojanus,  A  third  muscle  is  extended 
between  the  tongue-hone  and  the  coracoid,  the  M.  coracohyoidcus.  Besides  this 
muscle,  which  originates  from  the  lower  side  of  the  bony  framework  of  the  tongue- 
bone,  we  find  for  the  tongue  two  other  pairs  of  muscles,  the  musculi  hyothyreoidei 
and  the  musculi  cricoarytamoidei. 

The  muscular  apparatus  of  the  extremities  is  remarkable  for  its  similarity  to 
that  of  Mammalia.1  In  place  of  the  M.  pectoralis  major,  we  find  two  muscles, 
one  originating  from  the  middle  part  of  the  sternum  and  attached  to  the  tuberosity 
of  the  humerus,  whence  it  spreads  downwards  over  the  arm  and  the  forearm,  and 
another,  much  weaker,  arising  from  the  anterior  part  of  the  sternum  and  attached  to 
the  same  internal  tuberosity.  The  deltoid  muscle  originates  from  the  end  of  the 
acromion  and  goes  to  the  same  tubercle.  The  muscles  arising  from  the  scapula, 
the  M.  subscapularis  and  the  If.  teres,  are  both  attached  to  or  near  the  tuberculum 
externum.  A  muscle  corresponding  to  the  M.  latissimus  dorsi,  arising  from  the 
exterior  lateral  part  of  the  dorsal  shield,  is  attached  to  a  little  cavity  inside  of 
the  tuberculum  externum.  The  M.  coracobrachial  is,  arising  from  the  coracoid  and 
attached  to  the  tuberculum  externum  of  the  humerus,  is  simple  in  the  family  of 
Emydoidne,  and  double,  as  in  Mammalia,  in  the  Trionychida?.  The  muscles  of  the 
forearm,  and  those  of  the  hand  and  fingers,  are  essentially  identical  with  those  of 
the  Saurians;  the  degree  of  development  of  the  muscular  apparatus  of  the  hand  and 
fingers  varies  much,  however,  in  different  families.  They  are  much  less  developed 
in  the  sea  and  land  Turtles  than  in  the  webfooted  Emydoida},  Cinosternoida?, 
Chelydroida?,  and  Trionychidoe.  The  characteristic  muscles  of  the  hind  extremities 
are  the  following:  two  musculi  gluta?i,  (a  major  and  a  minor,)  originating  from 
the  os  ilii  and  from  the  seventh  rib.  Forming  at  first  one  muscle,  they  arc  soon 
divided  into  two  branches,  one  of  which  is  attached  to  the  trochanter,  the  other 
to  the  femur  itself.  The  M.  biceps,  originating  from  the  os  ilii,  is  inserted  upon 
the  fibula.  The  M.  psoas,  originating  from  the  last  vertebra  of  the  back,  before 
the  sacrum,  is  attached  to  the  upper  part  of  the  femur.  The  Musculi  adductores 
femoris  originate,  one  from  the  symphysis  ischiadica,  another  from  the  os  pubis, 
and  a  third  from  the  membrana  obturatoria  and  from  the  anterior  margin  of  the 
os  ischiL 


1  Its  development,  however,  is  very  different 
in  different  familic.4.  The  fore  legs  and  the  hind 
legs  have  an  equally  strong  muscular  apparatus  in 
land  Turtle*,  where  the  whole  body  stands  in  equi- 

35 


librium;  while  in  sea  Turtles,  in  which  the  fore 
legs  are  the  chief  locomotive  organs  while  the  hind 
legs  serve  almost  only  as  rudders,  the  fore  legs 
have  a  much  larger  muscular  development. 
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SECTION  VIII. 

NERVOUS  SYSTEM. 

With  reference  to  the  brain,  we  may  single  out  as  characteristic  of  the  Testudi- 
nata  the  well  developed  hollow  hemispheres,  which  are  larger  in  proportion  than 
in  other  Reptiles,  especially  when  compared  to  the  lobi  optici.  Their  surface  is 
generally  smooth,  but  in  some  it  is  provided  with  a  longitudinal  fold.  Their 
cavities  are  continued  into  the  hollow  roots  of  the  olfactory  nerves.  The  cere- 
bellum is  relatively  larger  than  in  Ophidians  and  Saurians,  yet  smaller  than  in 
Crocodiles.  A  longitudinal  furrow  divides  it  into  halves.  Between  the  two  hollow 
lobi  optici  and  the  hemispheres,  there  are  two  lobi  vcntriculi  tertii,  which  give  rise 
to  the  optic  items.  Behind  the  large  cerebellum  follows  a  large  vascular  body, 
(plexus  chorioideus,)  which  lies  upon  the  sinus  medulke  ablongatte.1 

In  relation  to  the  nerves  that  originate  from  the  brain  and  the  medulla 
ablongata,  we  notice  that,  as  in  Ophidians  and  Saurians,  the  nervus  hypoglossus 
receives  roots  from  the  spinal  marrow,  which  is  not  the  case  in  Crocodiles.  As 
in  Saurians  and  Ophidians,  the  nervus  vagus  and  the  glossopharyngeus  have  always 
each  a  root  for  itself,  and,  as  in  Saurians,  each  also  a  distinct  passage  through 
the  os  occipitale  laterale;  while  in  Ophidians  there  is  only  one  passage,  and  in 
Crocodiles,  with  some  exceptions,  only  one  common  root  for  both  those  nerves, 
which  thus  form  also  only  one  common  ganglion.  As  in  all  Reptiles,  the  largest 
nerve  is  the  nervus  trigeminus;  it  Is  larger  even  than  the  nervus  vagus,  though 
this  latter  is  more  developed  in  Turtles  than  in  other  Reptiles. 

The  spinal  marrow  is  rather  thin  along  the  middle  of  the  body;  and  the  nerves 
which  originate  in  this  region  are  very  small,  as  there  is  not  much  room  for 
then  function,  in  consequence  of  the  immovability  of  that  part  of  the  trunk  which 
corresponds  to  the  shield,  and  which  moreover  is  covered  by  a  thick,  hard,  horny 
roof.  So  much  the  larger,  however,  appear  the  two  swellings  of  the  spinal  marrow 
in  the  shoulder  and  pelvis  region,  where  the  legs,  which  in  this  order  of  Reptiles 
have  to  support  and  to  move  the  whole  body,  are  to  be  provided  with  nerves. 
Thus  the  size  of  these  swellings,  when  compared  with  the  general  diameter  of  the 
spinal  marrow,  is  characteristic  of  the  Testudinata,  and  more  resembles  that  of 


1  For  the  differences  of  the  brain  in  different 
families,  fee  below  under  the  head  of  The  Family 
Character*.    A  beautiful  illustration  of  the  brain  and 


the  whole  nervous  oystem  of  the  European  Emys  has 
been  given  by  Bojanus,  in  his  Anatomc  Testudini* 
Europa;*,  PI.  xxL-xxiii. 
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Birds  than  of  other  Reptiles,  in  which  latter  the  organs  of  locomotion  are  never 
confined  to  the  legs  alone.    See  above,  p.  253. 

The  characteristic  features  of  the  N.  sympathicus 1  are  only  to  be  appreciated 

by  a  minute  comparison  of  nil  its  original  roots,  anastomoses,  ganglia,  etc.,  with 
those  of  Crocodiles,  Lizards,  and  Snakes.  But,  though  there  are  many  differences 
in  ite  conformation  in  these  different  orders  of  Reptiles,  we  do  not  deem  it 
necessary  or  useful  to  enter  into  the  details  of  such  a  comparison;  in  the  first 
place,  because  only  some  two  or  three  species  of  Turtles  have  as  yet  been  inves- 
tigated with  special  reference  to  that  nerve,  so  that  there  would  be  danger  of 
confounding  ordinal  with  family  or  even  generic  characters;  and  in  the  second 
place,  because  the  differences  which  we  have  noticed  do  not  show  an  inti- 
mate connection  with  the  whole  nature  of  the  Turtles,  in  contradistinction  to 
other  Reptiles.  It  is,  moreover,  proper  that  in  Comparative  Zoology  we  should 
introduce  only  such  anatomical  characters  as  are  understood  in  their  connection 
with  the  whole  nature  of  the  animals  under  consideration.  Other  anatomical 
details  would  be  useless  for  the  zoologist. 


SECTION  IX. 

ORGANS  OF  SENSES. 

The  Ear.  There  is  no  movable  external  ear  as  in  the  Crocodiles;  but  in  all 
Testudinata  we  find  a  ca vitas  tvmpani  and  a  HMmbrana  tvmpani.  which  are  wanting 


1  The  N.  sympathicus  begin*  in  Turtles  as  plexus 
sphenoideus,  and  is  connected  with  the  second  hrnneh 
of  the  N.  trigeminus.  It  runs  as  a  simple  trunk  back- 
wards, gives  branches  to  the  nose,  and  receives 
branches  from  the  N.  abducens  facialis ;  then  after 
passing  through  the  as  pctrosum  as  N.  Vidianus  it 
receives  branches  from  the  X.  facialis  and  glosso- 
pharyngeus,  then  from  the  N.  vagus  and  hypoglossus, 
and  then  runs  as  one  superficial  stem  along  the  neck 
to  the  thorax,  connected  by  branches  with  the  nerves 
of  the  neck.  Then  taking  up  branches  of  the  vagus, 
it  forms  the  ganglion  thoracicum  primura,  which 
sends  its  threads  to  the  plexus  cardianus  and  pul- 
monalis.    Then  the  string  forms  several  swellings, 


connected  with  the  plexus  bracliialis,  forming  several 
loops  which  unite  again  into  ganglia  and  communi 
cate  with  the  anterior  branches  of  the  spinal  nerves. 
Then  after  giving  branches  which  go  to  the  inter- 
costal nerves,  it  forms  again  two  plexus,  the  first 
sending  branches  to  the  stomach,  and  accompanying 
the  arterta  codiaca;  from  the  second  plexus  originate 
branches  for  the  intestines,  and  others  for  the  kidneys 
and  the  generative  organs.  See  Stannics,  Lehrbuch 
dcr  Vergleichenden  Anatomie  der  Wirbelthiere,  Ber- 
lin, 1846,  p.  192-33;  Bojani'S,  Anatome  Testudini* 
Kuropa^E,  PI.  xxiL  and  xxiii. ;  and  Swan,  Illustra- 
tions of  the  Comparative  Anatomy  of  the  Nervous 
System,  London,  1841,  PI.  xr.  and  xvi 
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in  Saurians.1  The  helix  is  a  simple,  round,  membranous  sac,  with  a  closed  feuestra 
rotunda,  and  a  communication  with  the  saccus  vestibuli  by  means  of  a  membra- 
nous canal.  A  very  long  columella  is  attached  to  the  fenestra  ovalis,  which  itself 
is  closed  by  an  opercle.  The  cavitas  tympani  is  divided  into  two  parts  by  a 
bony  septum.  The  tunica  tympani  is  only  attached  to  the  os  quadratum.  Between 
the  two  lamella?  of  this  membrane  lies  a  cartilaginous  plate,  into  which  the  colu- 
mella is  inserted. 

The  Eye.  This  organ  is  larger  in  proportion  and  more  movable  in  Turtles 
than  in  other  Reptiles.1  We  find  in  the  constitution  of  this  organ  a  great  similarity 
with  Birds.  Not  only  are  the  protecting  membranes  of  the  eyeball  in  Turtles  and 
Lizards,  in  contradistinction  to  Snakes,  very  much  as  in  Birds,  there  being  two 
eyelids  and  a  membrana  nietitans,  but  we  find  in  Turtles  also  the  same  bony 
framework  in  the  cornea  as  in  Birds.  This  bony  ring  has  been  erroneously  ascribed 
also  to  Crocodiles.4  It  does  not  exist  either  in  these,  or  in  Ophidians,  or  in  Sauri- 
ans, but  singularly  enough  we  find  it  again  in  all  those  huge  Reptiles  of  past  ages 
known  as  Plesiosauri  and  Ichthyosauri.  The  iris  of  Turtles  is  always  colored,  gen- 
erally dark,  but  in  some  red,  or  even  milk-white.  We  see,  however,  that  this  color 
varies  much  in  one  and  the  same  species,  as,  for  instance,  in  Cistudo  virginea,  in 
Ptychcmys  concinna,  etc  The  form  of  the  pupil,  which  is  vertical  and  elliptical  in 
many  Snakes  and  Saurians  and  in  all  Crocodiles,  is  round  in  all  Turtles,  as  it  is  in 
Birds.  There  is,  however,  no  pecten  in  the  vitreous  body,  as  in  all  Birds  and  in 
many  Saurians;  the  vitreous  body  itself  is  very  large.  In  the  orbita  we  find  two 
well  developed  glands,  namely,  a  lachrymal  glund  above  the  bulbus,  and  another,  a 
Harderian  gland,  behind  and  inside. 

The  AW.  While  the  sense  of  seeing,  and  particularly  that  of  hearing  U 
highly  developed  in  Turtles,  the  sense  of  smelling  is  much  less  so;  and  while  the 
former  two  senses  exhibit  in  them  a  degree  of  perfection  which  we  find  elsewhere 
only  in  warm-blooded  animals,  Turtles  do  not  at  all  stand  above  the  level  of  other 
Reptiles  with  respect  to  the  latter  sense.  In  explanation  of  this  we  may  perhaps 
say  that  the  slow  rhythm  of  the  respiration,  which  is  common  to  all  four  orders 
of  Reptiles,  does  not  facilitate  the  admission  of  odoriferous  materials  into  the  nose, 
and  that  it  is  for  this  reason  that  we  find  the  nerves  and  bones  of  this  organ 


1  In  Dumeril  et  Ribron,  Erpctnlogic  gencrale, 
vol.  i.,  p.  .199,  thin  membrane  is  erroneously  said  not 
to  exist  in  Turtles. 

*  There  is  one  single  exception  to  this  statement ; 
in  the  South-American  Malamata,  (Chclys  limbri- 
ata.)  the  cyca  arc  remarkably  small.  This  Tur- 
tle, however,  so  peculiar  also  in  other  respects,  and 


particularly  in  the  structure  of  its  head,  forms  un- 
questionably a  family  for  itself. 

*  Already  So-mmering,  and  later,  Rymer  Jones,  in 
Todd's  Encyclopedia  of  Anatomy  and  Physiology, 
vol.  iv.,  p.  314,  have  made  this  statement,  which  we 
must  deny,  in  accordance  with  the  observations  of 
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so  little  developed.  The  cavity  of  the  nose  is  wide,  but  short  There  are  no 
sinus  frontales,  nor  lamina  cribrosa,  nor  bony  concha,  nor  even  nasal  bones,1  The 
concha  is  cartilaginous.  The  nervus  olfactorius  is  characterized  by  two  tubercles  at 
its  base,  just  in  advance  of  the  hemispheres;  it  has,  in  this  respect,  a  strange  simi- 
larity with  that  of  Frogs.  The  nostrils  are  always  situated  in  the  topmost  part  of 
the  snout;  they  seem  particularly  subservient  to  breathing,  in  water  Turtles  at  least 
Thus  I  have  frequently  seen  Trionyx  ferox  lying  for  hours  in  shallow  water, 
buried  in  mud,  and  stretching  only,  from  time  to  time,  the  nostrils  above  the 
level  of  the  water  to  breathe.  The  South-American  Matamata  is  said  to  await 
its  prey  in  a  similar  situation,  hid  among  the  leaves  of  water  plants,  exhibiting 
nothing  above  the  water  but  the  nostrils,  which  are  elongated  and  tube-like,  as 
in  Trionychida?.  The  marine  Turtles  also  come  from  time  to  time  to  the  surface 
for  the  sake  of  breathing. 

The  Tongue  and  Mouth.  In  all  Ophidians  and  Saurians,  as  in  most  Birds,  the 
tongue  is  only  an  organ  of  touch ;  in  most  of  these  animals  it  is  long,  slender, 
covered  with  horn,  and  may  be  more  or  less  protruded  from  the  mouth  for  that 
object  This  is  by  no  means  so  with  the  tongue  of  Turtles.  It  is  broad,  thick, 
fleshy,  generally  folded,  mucous,  and  in  one  family  (the  land  Turtles)  even  thickly 
provided  with  papilla?,  like  the  tongue  of  a  parrot  Turtles  chew  their  food,  partic- 
ularly the  herbivorous  land  Turtles,  while  other  Reptiles  swallow  it  without  chew- 
ing. Thus  the  organ  of  taste  is  very  much  developed.  Not  only  the  tongue,  but 
in  some,  as  for  instance  in  Trionyx,  the  whole  pharynx  is  beautifully  fringed 
with  fine,  tree-like,  branching  papilla*,1  while  in  Chelonioida?  we  find  long,  strong, 
and  hard  papilla\  extending  even  into  the  oesophagus.  The  papilla?  of  the  latter 
seem,  however,  from  their  hardness,  more  subservient  to  the  motion  of  the  food 
than  to  tasting.  But  tasting  is  by  no  means  the  only  function  of  the  tongue. 
Filling  out  the  whole  cavity  of  the  mouth,  it  has  also  another  function  in  the 
process  of  breathing,  as  it  has  also  in  Frogs,  for  Turtles  swallow  the  air  they 
breathe.     (See,  below,  p.  281.)     In  all  Turtles  we  find  salivary  glands. 

Organ  of  Touch.     There  is  no  special  organ  for  this  sense  to  be  found  in  Turtles. 

1  Comp.  p.  30,  respecting  Hyilromeilusa,  which  1  Comp.  Dr.  A.  S«gcr'»  Note*  on  the  Anatomy  of 

forms  an  exception,  u  it  has  nasal  bono.  the  Gymnopus  spinifcr  of  Dumlril  and  Bibron. 
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SECTION  X. 

EATING,  DRINKING,  AND  DIGESTIVE  APPARATUS. 

In  describing  the  skin,  we  have  already  mentioned  the  characteristic  horny 
sheath  of  the  jaws,  which  forms  a  bill  such  as  we  find  only  in  Birds  besides. 
The  upper  jaw  always  includes  the  lower,  as  it  reaches  beyond  this.  Generally,  the 
horny  sheath  which  covers  the  jaws  runs  more  or  less  inwards  into  the  mouth ; 
in  the  Chelonioida>,  it  forms  even  several  ridges  parallel  to  the  margin  of  the  jaw, 
evidently  for  crushing  and  breaking  the  thick  sea-weeds,  upon  which  they  feed. 
As  all  other  Reptiles  have  true  teeth  and  no  homy  cover  whatsoever  on  the 
maxillar  bones,  this  sheath  is  peculiar  to  the  order  of  Testudinata ; 1  and  while  all 
other  Reptiles  use  their  jaws  merely  for  seizing  their  food,  Turtles,  on  the  contrary, 
chew  it  This  is  particularly  the  case  with  the  herbivorous  families,  Chelonia  and 
Testudo.  A  much  more  extensive  use  of  the  tongue  is  connected  with  the  act  of 
chewing,  as  long  as  the  food  is  in  the  mouth,  than  we  observe  in  other  Reptiles. 
Thus  the  fleshy  tongue  of  the  Turtles  serves  three  different  purposes:  first,  in 
tasting,  (see  p.  277,)  then  in  the  act  of  respiration,  (sec  p.  281,)  and  thirdly,  in 
managing  the  food  as  long  as  it  is  in  the  mouth;  that  is,  for  bringing  it  into 
the  right  position  between  the  sharp  scissors  formed  by  the  bill,  and  for  moving 
it  into  the  pharynx  and  oesophagus  when  it  is  sufficiently  divided.  The  last  two 
uses  of  the  tongue  are  the  more  interesting,  as  we  do  not  meet  them  again, 
to  this  extent,  except  in  Mammalia.  The  tractus  intestinalis  has  generally  thick 
walls.  The  oesophagus  of  the  family  of  Chelonidaj  is  provided  with  long,  hard 
papilla?.  The  stomach  lies  always  transversely,  crossing  the  body  from  the  left  to 
the  right  The  length  of  the  whole  intestine,  in  comparison  with  the  length  of  the 
trunk  of  the  animal,  varies  very  much  in  different  families,  being  longer  in  the 
herbivorous,  and  shorter  in  the  carnivorous  Turtles,  just  as  among  Mammalia  and 
Birds.  The  relative  length  of  the  different  parts  of  the  intestine,  compared  with 
each  other,  varies  still  more;  the  rectum  being  very  short  in  Emydoidoe,  Cinoster- 


1  Yet  the  order  of  Turtles  is  not  the  first  among 
Vertebrates,  in  which  we  find  the  jaws  transformed 
into  n  bill.  We  find  already  something  similar 
among  the  Fishes,  in  the  so-called  Parrot  Fishes, 
(Senrus,)  and  again  among  Amphibia,  in  the  larva; 
of  the  Batrachia  anura.    I  may  add,  however,  that 


after  removing  the  horny  sheath,  we  find,  along  the 
dental  ridges  of  the  jaws,  in  the  young  Trionyx  and 
Chelyilro,  a  regular  series  of  holes  for  nerves,  which 
are  evidently  homologous  to  the  alveolw  of  the  teeth 
in  other  Reptile*.  These  holes  contain,  however,  no 
rudimentary  teeth,  as  are  found  in  the  jaws  of  Whales. 
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noidae,  Chelydroida?,  and  Trionychida?,  and  very  long  in  land  Turtles  and  in  Chelo 
nioida;.  Our  observations  show  this  variation  to  extend  to  such  a  degree  that  we 
arc  unable  to  obtain  from  this  part  of  the  organization  of  the  Testudinata  an 
ordinal  character,  in  contradistinction  from  the  other  Reptile*,  as  the  following  table 
satisfactorily  proves.1 


Total 

Length 

Tutnl 

Kumilr. 

ijtht  of 

nf  the 

U»f.|»tJi  of 

Stnmsrh. 

Small 

CVpcum. 

Cloncu. 

th*  body  in 

Canipac* 

111  UtftlM 

ni  i:u.  m**. 

th«<]lge*- 

,i»t  UlJkl- 

intestine. 

• 

Land  Turtle*, 

Testudo  polyphe- 

100 

10| 

82$ 

H 



H 

21* 

1 

1  'i 



H 

(herbivorous.) 

m«*,fero. 

Land  Emydoida-, 

Cistudo.  triungui.-.. 

M 

H 

31 

3 

H 

19| 

I 

H 

(omuivorous.) 

(3  toed  Box-tur- 
tle,) fem. 

Water  Eniydoidn-, 

Emys  rugosa,  (ru- 

62 

u 

99 

5 

H 

70j 

i 

13 

H 

(omnivorous.) 

briventris,)  fem. 

Cii>osternoida>, 

Cinoslernon  penn- 

8* 

4 

*H 

H 

24 

16* 

0 

(carnivorous.) 

sylvanicum,  fem. 

Chelydroida*, 

Chclydra  serpen- 

65 

80J 

10 

n 

48$ 

0 

u* 

H 

(carnivorous.) 

tina,  male. 

Trionyehida*, 

Trionyx  ferox. 

76 

u 

58J 

6 

6 

35 

0 

6 

H 

(carnivorous.) 

fem. 

Chelonioidir,* 

Chelonia  Caouana. 

77 

102 

(herbivorous.) 

1  These  measurements  may  be  of  interest,  as  they 
were  mode  upon  fresh  specimens.  The  numbers, 
which  express  the  length  of  the  parts  in  the  table,  in- 
dicate American  inches  twelve  of  which  make  one 
foot ;  the  weight  of  the  body  is  given  in  officinal 
ounces,  twelve  of  which  make  a  pound,  and  one  of 
which  is  equal  to  480  grains.  In  this  table,  which 
explains  itself,  we  will  only  point  out  Cistudo,  which, 
upon  a  superficial  examination  of  its  outlines,  would 
to  belong  to  the  Teatudinina,  (land  Turtles,) 
which,  by  the  proportions  of  the 


of  its  intestines,  is  in  reality  an  Emydian,  as  it  will 
be  shown  below  from  a  critical  examination  of  its 
forms.    See  The  Family  Characters,  1 

•  This  last  measure,  i 
is  borrowed  from  the  valuable  Chemical  and  Physio- 
logical Investigations  by  Joseph  Jones,  published  in 
the  Smithsonian  Contributions  to  Knowledge,  vol 
viii.,  1856,  where  the  student  will  find  many  interest- 
ing data  relating  to  the  digestion  of  Turtles  in  com- 
parison with  other  cold  blooded,  and  with  warm  blood- 
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The  whole  tract  of  the  alimentary  canal  is  provided  witli  folds,  hetween  which 
there  arc  everywhere  crypt*  from  the  stomach  to  the  anus.  The  ccecum  is  small, 
or  wanting.  A  large,  broad  liver,  continuous  from  one  side  of  the  body  to  the 
other,  by  means  of  a  bridge,  receives  the  heart  in  front  between  its  two  halves. 
A  large  gall-bladder  is  imbedded  on  the  right  side.  The  spleen  and  the  pancreas 
are  never  wanting;  the  spleen  is  generally  attached  to  the  pancreas,  and  this  to 
the  duodenum.  The  spleen  is  nn  ovoid,  or  globular,  solid  body,  while  the  pan- 
creas is  more  or  less  divided  into  lobes,  often  broadly  and  thinly  scattered,  par- 
ticularly in  the  herbivorous  Turtles,  and,  on  the  whole,  of  a  very  irregular  shape. 
As  among  Mammalia,  so  among  Turtles,  the  pancreas  is  generally  much  larger  in 
the  carnivorous  families  than  in  the  herbivorous,  having,  for  instance,  in  the  her- 
bivorous Testudo  polyphemus  only  about  35'05  the  weight  of  the  body,  while  in 
Emys  serrata,  which  feeds  upon  fishes,  mollusks,  and  worms,  etc,  about  T3'5i„  and 
in  Chelonura  serpentina,  which  is  entirely  carnivorous,  even  5j5.  But,  as  a  strange 
exception,  we  see  in  the  herbivorous  Chelonia  Caouana  the  number  ^jj.1  All  Turtles 
digest  rather  slowly,  particularly  the  herbivorous  land  Turtles,  which  keep  always 
a  store  of  half-digested  vegetables  in  their  enormously  large  intestine.  Turtles  stand 
hunger  for  several  months ;  Emyds,  if  they  arc  provided  with  water,  for  more  than  a 
year.  All  Turtles  which  we  had  an  opportunity  to  observe,  when  drinking,  held  the 
head  under  the  level  of  the  water,  and  evidently  swallowed  the  water.  The  Gala- 
pagos land  Turtles,  (Testudo  indica,)  however,  are  said  to  drink  like  most  Birds, 
by  taking  a  mouth  full  of  water,  and  then  holding  up  the  head  and  neck  ver- 
tically, letting  the  water  run  down  through  the  oesophagus.  Turtles,  (particularly 
the  land  and  fresh-water  Turtles,)  like  Frogs,  usually  carry  with  themselves  a 
quantity  of  water  in  the  cloaca.  According  to  recent  observations  of  Professor 
J.  Wyman,  this  water  is  taken  up  through  the  anus. 


1  See  Jos.  Jones,  1.  c,  p.  107,  where  a  list  is  given 
containing  the  weight  of  the  pancreas  in  proportion  to 
the  body  for  several  Fishes,  Amphibian*,  Reptiles, 
and  Mammalia.  For  the  Loggerhead-Turtle,  (Che- 
lonia Caouana,)  which  J.  Jones  has  numbered  among 
the  carnivorous  Reptiles,  we  have  to  remark,  that  as 


far  as  we  know  it  feeds,  like  the  other  Chcloiiioida\ 
upon  sea-weed.  If  this  be  true,  the  law  given  by  J. 
Jones,  in  relation  to  the  proportionate  size  of  the 
pancreas  (1.  c,  p.  is  evidently  not  without  ex- 

ceptions, and  it  shows  also  how  careful  we  must  be  in 
drawing  such  brood  conclusions. 
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SECTION  XI. 

RESPIRATION. 

Ilere,  again,  we  meet  with  a  very  striking  ordinal  character.  The  Turtles 
swallow  the  air  they  breathe.1  The  breast-box,  which  includes  the  lungs,  being 
immovable,  a  respiration  like  that  of  the  other  Reptiles,  the  Birds,  and  Mammalia, 
performed  by  the  expansion  and  compression  of  the  breast-box,  and  consequently 
of  the  lungs,  is  impossible.  Owing  to  the  peculiar  structure  of  their  trunk,  breath- 
ing is,  therefore,  only  possible  for  Turtles  by  a  pressure  of  the  air  from  the 
mouth  down  into  the  lungs;  but,  though  we  are  persuaded  that  this  swallowing 
of  the  air  constitutes  the  main  act  in  the  process  of  breathing,  still  we  arc  inclined 
to  believe,  against  the  opinion  of  other  anatomists,  that  the  diaphragm,  which  in 
Turtles  is  very  much  developed,  and  attached  to  the  lungs,  takes  also  its  part 
in  that  act*  Moreover,  the  muscles  of  the  shoulder  and  of  the  pelvic  region  may 
assist  in  that  operation,  cither  by  immediately  compressing  the  lungs,  which  generally 
extend  in  Turtles  from  one  end  of  the  trunk  to  the  other,  or  by  pressing  the 
bowels  against  them. 

The  act  of  swallowing  the  air  is  chiefly  performed  by  the  apparatus  of  the 
tongue-bone,  and  the  tongue  itself,  which,  by  its  large  size,  facilitates  the  opera- 
tion. Being  drawn  backwards  and  upwards,  this  organ  shuts  up  the  choanna?,  and 
at  the  same  time  opens  the  slit  of  the  windpipe,  situated  just  at  its  base,  thus 
giving  to  the  air  a  passage  into  the  windpipe,  and  at  the  same  time  preventing 
its  entrance  through  the  chonnnae  into  the  nose.  In  this  way,  the  tongue  takes  the 
place,  in  a  certain  sense,  of  the  velum  palatinum  of  the  higher  Vertebrata,  which 
is  wanting  in  Turtles.  After  the  air  lias  passed  into  the  windpipe,  the  tongue  is 
drawn  forwards,  and  thus  the  longitudinal  glottis  is  again  closed,  while  now  the 
choanna)  are  again  opened  to  a  free  communication  with  the  cavity  of  the  mouth* 


1  We  find  the  same  mode  of  breathing  in  the 
class  of  Batrachian*;  but  for  an  entirely  different 
niKin,  namely,  on  account  of  the  absence  of  rib*. 

*  The  existence  of  a  diaphragm  is  erroneously 
denied  to  Turtles  by  Dumuril  and  Bibron,  ErptS- 
tologie  g»5m!rale,  I,  p.  175.  Thin  work,  however, 
worked  out  as  it  seems  almost  entirely  by  Bibron, 
is  to  this  day  the  be.it  illustration  of  the  Zoology 
of  Turtles,  as  it  also  is  of  the  Saurian*  and  Frogs, 

36 


while  the  part  relating  to  Ophidians,  completed  after 
the  early  death  of  that  able  herpetologist,  Bibron, 
contains  the  most  superficial  descriptions  of  genera 
and  species. 

*  In  Amphibia,  this  process  is  similar,  though  not 
the  same.  It  is  easy  to  observe,  that  in  this  class 
the  eye-bulbus  is  often  active  in  swallowing  the 
air;  these  large  balls,  when  pressing  downwards, 
narrow  the  cavity  of  the  mouth,  and  the  air  move* 
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The  trachea  is  generally  rather  short,  divided  near  the  base  of  the  neck  into 
two  large  bronchi,  one  of  which  is  often  so  curved  as  to  form  a  large  arch.  The 
lungs  are  very  voluminous;  more  so  in  land  than  in  water  Turtles.  This  differ- 
ence alone,  in  the  size  of  this  organ,  accounts  almost  entirely,  both  for  the  high 
arched  body  of  the  true  land  Turtles  which  never  go  into  water,  and  for  the 
flat  trunk  of  the  TrionychidaB  and  sea  Turtles,  which  hardly  ever  leave  the  water, 
except  to  lay  their  eggs.  But  even  in  the  aquatic  Turtles,  the  capacity  of  expan- 
sion of  the  lungs  is  great  enough  to  allow  them  to  remain  for  half  an  hour  or 
more  under  the  water,  as  I  have  had  ample  opportunities  of  observing  in  Trionyx, 
though  it  must  not  be  forgotten,  that  in  the  family  of  Trionychida?,  the  skin  being 
soft  and  thus  more  permeable  to  water,  a  kind  of  respiration  of  the  blood  may 
take  place  through  the  skin  also,1  as  is  the  case  so  extensively  in  Frogs. 

The  following  table  shows  the  capacity  of  the  lungs  in  those  families,  of  which 
I  was  able  to  obtain  fresh  specimens  at  the  time.  The  experiments  were  made 
upon  the  living  animal  by  pumping  out  the  air  of  the  lungs,  then  pumping  in 
water,  then  pumping  out  the  water  again  and  measuring  it*  amount  in  cubic 
inches.  This  table  shows  that  aquatic  Turtles  require  much  less  air  in  their  lungs, 
in  proportion  to  the  weight  of  the  hotly,  than  land  Turtles.1  It  shows  especially, 
that  in  mud  and  softrshellcd  Turtles,  the  lungs  being  much  reduced  in  size  and 
importance,  by  far  the  greater  part  of  the  respiration  must  be  performed  by  the 
skin  of  the  whole  body,  which  is  much  thinner  in  these  families  than  in  other 
Turtles;  while,  on  the  contrary,  in  the  true  land  Turtles  and  that  land  Emydian, 


backwards.  Again,  we  find  in  Frogs,  At  least  in 
some,  for  instance  in  the  genus  Rana,  a  movable  valve, 
by  which  it  can  close  or  open  the  nostrils  at  will; 
there  is  nothing  of  this  kind  to  be  found  in  Turtles. 

1  The  beautifully  ramified  vessels,  which  are  seen 
through  the  epidermis  upon  the  entire  lower  sur- 
face of  the  body  of  Trionyx,  add  great  weight  to 
this  supposition.    See  below,  p.  284. 

1  It  is  moreover  evident  that  the  capacity  of 
the  lungs  is  not  a  family  character,  for  while  the 
Testudininn  (land  Turtles)  an;  generally  provided 
with  much  larger  lungs  than  the  Emydoida-,  our 
table  furnishes  the  unexpected  evidence,  that  in  a 
member  of  the  latter  family  they  are  larger  still. 
The  capacity  of  the  lungs  in  Cistudo,  for  instance, 
shows  clearly  its  influence  upon  the  form  of  the 
body,  and  it  would  thus  seem  that  herr,  at  least, 
form  cannot  characterize  the  family.  But  this  very 
instance  proves,  on  the  contrary,  the  truth  of  the 


principle  adopted  for  the  limitation  of  families,  as 
by  a  thorough  examination  we  find  still  in  the 
Cistudo  the  real  character  of  the  form  of  Etnyds, 
in  its  sharp  contradistinction  from  the  Testudo 
family.  See  below,  The  Family  Characters  of  Emyd- 
eida».  rience  it  follows,  that  the  mode  of  life,  and, 
what  depends  upon  it  in  the  organization  of  the 
animal,  the  capacity  of  the  lungs,  the  length  and  pro- 
portions of  the  intestine,  etc.,  are  generally,  though 
by  no  means  always,  common  to  a  family ;  and  that 
such  definite  complications  of  forms  as  characterize 
families  may  be  modified  according  to  the  different 
modes  of  life,  without  interfering  with  or  changing 
the  ideal  combination.  This  ideal  is  the  conception 
of  the  Divine  Mind.  The  conception  however  is 
not  changed,  in  the  act  of  being  expressed  in  living 
realities,  but  only  specified  j  and  this  is  done  in  the 
various  members  of  a  family,  according  to  their 
mode  of  life,  etc 


Digitized  by  VjOOQle 


Chap.  L 


RESPIRATION. 


283 


the  Cistudo,  the  process  of  respiration  is  no  doubt  performed  entirely  by  the  lungs. 
This  remarkable  difference  is  not  only  owing  to  the  greater  or  less  thickness  of 
the  epidermis,  but  particularly  to  this  circumstance,  that  air  does  not  penetrate  a 
homy  epidermis  so  easily  as  water.  Thus,  aquatic  animals  probably  absorb  the 
water  through  the  whole  surface  of  their  body,  and  that  water,  being  impregnated 
with  oxygen,  is  made  subservient  to  respiration;  while,  on  the  contrary,  animals 
living  on  land  are  much  less  capable  of  breathing  through  their  skin,  the  air 
penetrating  the  epidermis  with  greater  difficulty.  This  seems  to  be  rendered 
evident  by  our  table,  if  we  compare  Testudo  with  Trionyx.  We  suppose  the 
same  law  may  have  its  application  in  regard  to  the  respiration  of  all  animals; 
and  that  annuals  living  in  water  generally  require  a  much  smaller  development 
of  the  breathing  organs  proper  than  animals  living  in  the  atmospheric  air. 

TABLE, 


8HOWIXO    THE   CAPACITY    OF    THE    LCKQ8   COMPARED    WITH    THE    WEIGHT    OF    THE  BODY. 


Weight  of  the 

Opacity  of  tin 

Length  of  the 

Testudo  polyphemus. 
(Gopher.)  Female. 

On  dry 
in  i 

ground  and 
uiiid-holes. 

95  Ounces. 

85  Cubic  In. 

10*  Inches. 

Cistudo  t  r  i  u  n  g  u  i  s . 
(Three  Toed  Box-Turtle.) 
Female. 

In  dry 

leave 

woods,  under 
s,  etc. 

19 

« 

"J 

u 

6J  « 

Plychcmys  rugosa. 
(Emys  rubriventris.) 
(Red  Terrapin.)  Female. 

In  water 

and  on  land. 

C2 

M 

« 

11 

Cinostornon  pennsylva- 
nicura. 
(Mud-Turtle.)  Female. 

In  wafc 

sr  and  mud. 

8 

U 

i 

« 

H  - 

(Snapping-Turtlc.)  Male. 

In  wat. 

65 

u 

7 

u 

10 

Trionyx  fcrox. 

(Soft-shelled  Turtle.)  Female. 

In  wat. 

76 

u 

4 

m 

13 

But  there  is  another  interesting  circumstance,  to  which  I  would  allude  in  this 
connection.  Dr.  A.  Sager  says,  that,  "arranged  along  the  surface  of  the  tongue 
of  Trionyx  and  somewhat  in  rows,  as  well  as  on  the  fauces  and  about  the  rima 
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glottidis,  and  also  over  the  edges  of  the  cornua  hyoidea,  there  exist  a  great  num- 
ber of  delicate  fringes,  resembling,  especially  on  the  hyoid  arches,  the  fimbriated 
gills  of  the  Menobranchus  or  the  internal  gills  of  a  Tadpole."1  Before  reading 
this  paper,  we  had  noticed  these  organs ;  but,  after  seeing  this  Turtle  remaining 
under  water  for  half  an  hour  without  showing  the  least  sign  of  oppression,  it 
seems  plausible  to  assume  that  these  fringes  may  be  similar  to  the  internal  gills 
of  Tadpoles,  not  oidy  in  their  shape,  but  also  in  their  function.  There  exists, 
moreover,  an  extensive  network  of  beautiful  vessels,  spreading  in  elegant  dendritic 
ramifications  upon  the  whole  lower  surface  of  the  Trionychida1,  which  can  hardly 
have  another  function  than  that  of  assisting  in  the  process  of  breathing,  as  they 
are  too  numerous  and  too  large  to  be  considered  simply  as  the  nutritive  vessels 
of  the  skin.  This  is  the  more  probable,  as  these  vessels  arc  very  superficial,  and 
only  covered  by  a  very  thin  epidermis.  They  are  indeed  as  plainly  visible, 
through  the  horny  layer  which  protects  them,  as  the  vessels  of  any  special  external 
breatbing  organ,  and  give  to  the  lower  surface  of  the  body,  over  which  they 
extend,  a  very  ornamental  appearance. 

Turtles  have  a  voice.  Though  I  have  myself  made  this  observation  only  in 
a  few  species,  namely,  in  Emys  elegans,  serrata,  picta,  and  insculpta,  which  emit 
a  piping  note,s  and  in  Chelonia  Mydas,  whose  voice  resembles  somewhat  a  cpuick, 
low  bark.  I  am  inclined  to  believe  that  all  of  them  have,  more  or  less,  the 
faculty  of  emitting  distinct  sounds.  Sphargis  has  its  name  even  from  apipgA^  to 
make  a  noise.  But,  whether  this  name  is  meant  only  for  that  sharp  hissiug  sound 
which  all  Turtles  produce,  when  they  are  excited,  or  whether  it  Is  intended  to 
designate  a  real  voice,  I  am  not  nble  to  state,  as  I  have  never  heard  the  sounds 
emitted  by  Sphargis.  However,  it  is  reported  of  many  Turtles,  especially  of  the 
Chelonioida?,  that  they  cry  aloud  when  they  are  seriously  wounded. 

I  have  not  yet  been  able  to  ascertain  to  what  extent  the  respiration  is  reduced 
or  interrupted  in  those  Turtles  which  burrow  under  the  ground  during  the  winter. 
In  the  more  aquatic  species,  however,  which  secrete  themselves  hi  the  mud,  under 
the  surface  of  the  water,  the  pulmonary  respiration  is,  of  course,  entirely  suspended. 
The  changes,  which  the  other  functions  undergo  in  different  families  during  this 
state  of  hibernation,  have  not  yet  been  investigated.  It  would  be  easier  to  make 
these  observations  in  the  .Southern  States,  where  the  waters  remain  open  all  the 
year  round,  than  in  the  Northern  States,  where  the  ground  is  covered  annually, 
for  several  months,  by  a  thick  sheet  of  snow  and  ice. 

1  Compare  Dr.  A.  Sager'*  Note*  on  the  Anatomy,  *  Dr.  Wcinland  inform*  mo  that  Emys  europsea 

etc.,  quoted  above,  p.  277.  is  known  to  produce  a  simitar  sound. 
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SECTION  XII. 

VASCULAR  SYSTEM. 

The  heart  of  the  Turtles  lies  just  above  the  liver.  It  is  broad,  nearly  trian- 
gular, the  wide  basis  of  the  triangle  extending  across  the  body.  It  is  inclosed  in  a 
double  sac  of  the  pericardium,  and  attached  to  it,  at  its  point,  by  means  of  a  fold 
of  the  pericardium.  The  plan  of  its  interior  structure  is  the  same  in  Turtles  as 
in  Opludians  and  Saurians.  While  in  Crocodiles  there  exists  a  true  septum  between 
both  ventricles,1  as  in  Birds  and  Mammalia,  we  find  in  Turtles,  typically,  only  one 
ventricle.1 

In  a  large  specimen  of  Ptychemys  rugosa,  (E  rubriventris,)  we  had  an  opportu- 
nity of  studying  the  beating  of  the  heart  The  process  is  as  follows:  The  auricles 
arc  filled  simultaneously,  one  with  a  bluish  red,  the  other  with  a  light  red  blood. 
When  filled  to  the  utmost,  they  have  a  triangular  shape,  with  rounded  corners.  But 
while  the  auricles  are  already  thus  filling,  the  heart  itself,  the  ventricle,  is  grad- 
ually expanding  more  and  more ;  then  a  sudden  contraction  of  the  auricles  throws 
all  the  blood  into  the  broadly  expanded,  but  empty,  ventricle,  which  thus  filled 
assumes  the  form  of  a  high  cone.  Immediately  after  this  follows  the  contraction  of 
the  ventricle,  then  follows  a  pause  until  the  auricles  are  filled  again,  and  the  power- 
ful pump  begins  its  play  anew.  This  goes  on  about  ten  times  in  a  minute.  The 
rhythm  in  its  details  is  as  follows :  First  second,  systole  of  the  auricles ;  second 
second,  systole  of  the  ventricle ;  third  and  fourth  seconds,  the  ventricle  remains 
contracted;   fifth  and  Bixth  seconds,  the  auricles  are  gradually  filling;  seventh 


1  This  difference  becomes,  however,  of  less  impor- 
tance when  we  remember  the  fact,  that  in  Crocodiles 
there  exists,  at  iheir  very  base,  a  communication  be- 
tween the  two  trunk*  which  stnrt  from  the  two  ven- 
tricle* of  the  heart,  causing  there  a  similar  mixture 
of  the  dark  and  red  blood,  outride  of  the  heart,  as 
exist*,  in  Turtle*,  inside  of  the  heart. 

*  We  cannot  agree  with  the  view  generally  adopt- 
ed, that  this  so-called  imperfect  septum  in  the  heart 
of  Turtles,  which  seems  to  divide  it  into  two  cavities, 
a  so-called  cavum  artcriosum  and  a  cavum  venoeum, 
is  homologous  to  the  perfect  septum  between  the  ven- 
tricles which  exists  in  Mammalia  and  Bird*.  The 


fact,  that  the  great  bloodvessels  (the  aorta  and  the 
arteria  pulmonalis)  start  together  from  the  cavum 
venosum,  seems  to  prove  that  the  two  cavities  in 
the  heart  of  Turtles  which  are  by  no  means  very 
marked,  do  not  correspond  to  the  two  ventricles  in 
Mammalia  and  Birds,  but,  on  the  contrary,  that,  as 
stated  above,  the  ventricle  in  Turtles  is  typically 
one,  as  in  Fishes.  Yet  this  one  ventricle  of  Tur- 
tles is  not  any  more  identical  with  the  one  ventri- 
cle of  Fishes  than  with  the  two  ventricle*  of  warm 
blooded  Vertebrata,  for  in  Fishes  we  find  only  one 
vessel,  the  aorta,  arising  from  it,  while  in  Turtles,  both 
aorta  and  arteria  pulnumalis  start  together  from  it 
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second,  or  first  of  the  second  contraction,  systole  of  the  auricles,  etc  The  whole 
rhythm  was  remarkably  regular,  except  some  variation  in  the  measure  of  the  last 
four  seconds,  which,  as  stated  above,  were  generally  thus  divided  into  two  pairs; 
but  sometimes  this  division  was  not  distinctly  marked,  the  filling  of  the  auricles 
beginning  already  in  the  fourth  or  even  in  the  third  second.  As  we  have  not 
found  any  important  structural  differences  in  the  hearts  of  the  most  different 
families  of  Turtles,  we  are  induced  to  believe  that  the  rhythm  observed  in  Emys 
rubriventris  is  probably  the  general  rule  for  the  contractions  of  the  heart  in  all 
Turtles.  This  rhythm  exhibits  great  uniformity,  not  only  in  the  duration  of  the 
contractions  as  a  whole,  but  also  in  the  measure  of  its  successive  steps. 

Three  large  vessels,  intimately  connected  at  their  basis,  which  is  sometimes 
supported  by  a  cartilaginous  frame,  arise  from  the  ventricle.  Two  of  them,  car- 
rying red  blood,  soon  form  one  common  trunk,  the  aorta;  but  before  this  takes 
place,  each  of  them  sends  off  many  vessels,  namely,  to  the  right  the  arteria 
anonyma,  from  which  soon  start  the  artcriaj  carotides  and  subclavian  and  to  the 
left  the  arteries  of  the  stomach  and  mesentcrium. 

The  venous  system  of  Turtles  agrees  with  that  of  other  Reptiles.  Two  vena3 
anonynwe  from  before,  and  two  from  behind,  the  umbilical  veins  of  Bojanus,  open 
into  the  sinus  venomxs,  which  pumps  the  blood  into  the  right  auricle.  It  is  char- 
acteristic of  the  Turtles,  that  the  vena?  vertcbrales  —  vena  azygos  of  Bojanus,  of 
which  there  are  two,  as  in  Saurians,  while  in  Ophidians  there  is  only  one  —  run 
above  the  ribs  in  Turtles,  while  in  all  other  Reptiles  they  run  below  the  ribs. 
We  find  such  veins  in  Turtles  above  the  transverse  processes  of  the  vertebrae 
all  along  the  dorsal  column,  and  also  in  the  neck  and  tail.  There  are  more- 
over some  veins,  peculiar  to  Turtles,  running  from  the  liver  directly  to  the  heart, 
while  in  other  Reptiles  the  vena  cava  receives  all  the  veins  of  the  liver.  The 
blood  of  Turtles  does  not  show  different  features  from  that  of  other  Reptiles.1 


1  Its  constituents,  and  iu  changes  by  starvation, 
thirst,  etc.,  have  been  recently  illustrated  by  Joseph 
Jones,  q.  a.,  p.  279.  When  taken  from  fresh  speci- 
mens, the  s|>ccific  gravity  of  the  blood  of  different 
Turtles  varies  from  1025  (Chelydra  serpentina)  to 
1034  (Emys  reticulata.)  The  amount  of  solid  constit- 
uent* in  1000  parts  varies  from  105  (Chel.  serpen- 
tina) to  156  (Emys  scrrata.)  The  water  in  1000 
parts  of  blood  varies  from  895  (Qiel.  serpentina)  to 
843  (Testudo  polyphemus) ;  the  dried  organic  con- 
stituents (blood  globules)  vary  from  56  in  Chel.  ser- 
pentina to  87  in  Teatudo  polyphemus.  Thus,  as  was 
to  be  expected,  die  blood  of  water  Turtles  is  more 


watery  than  that  of  land  Turtles.  Jones  (p.  23)  no- 
tices another  difference  in  the  color  of  the  serum, 
namely,  that,  while  in  some  Turtles  (Testudo  poly- 
phemus) this  color  is  light  yellow,  as  in  moM  Mamma- 
lia, Birds,  Reptiles,  Batrachians,  and  Fishes,  it  is 
golden  in  some  Emydoidae,  (Emys  serrata,  reticulata, 
concentric*,)  as  it  also  is  in  the  black  Turkey  Buzzard 
(Cathartes  atratus.)  With  reference  to  the  influence 
of  hunger  on  the  blood,  we  find  the  following  experi- 
ment related  in  the  same  paper.  Emys  conccntrica, 
recently  captured,  had  on  the  16th  of  June  a  weight 
of  14,285  grains.  Kept  without  food  and  drink  for 
forty  days,  weighed,  July  23d,  11,400  grains.  Loss, 
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The  lymphatic  system  is  very  much  developed  in  Turtles.1  Two  hearts,  lying 
near  the  base  of  the  tail,  immediately  under  the  bony  shield,  and  provided  with 
fat  cushions  for  protection  against  pressure,  form  the  pump-work  of  this  vascular 
system.  Like  the  blood-heart,  these  lymphatic  heart*  are  provided  with  transversely 
striated  muscular  fibres.  Lymph  vessels  bathe  oil  the  arteries  of  the  body,  surround- 
ing not  only  the  main  stems,  but  running  with  them  along  all  their  branches. 
There  lies  a  large  lymph  cistern  between  the  lungs,  opening  into  the  ductus  tho- 
racicus,  which  leads  into  the  vena?  subclavian 


SECTION  XIII. 

UROGENITAL  OKUANS. 

Urinary  Organs.  We  find  that  the  so-called  primordial  kidneys,  or  Wolffian 
bodies,  which  exist  in  all  Turtles,  as  well  as  in  all  other  true  Reptiles,  are  built 
up,  as  in  these,  of  fine  canals,  sending  off  a  duct  into  the  cloaca.  We  have 
never  found  a  distinct  secretion  in  this  duct  Investigations  about  their  relation 
to  the  real  kidneys  and  to  the  genital  organs  have  led  us  to  results  which  are 
in  many  respects  at  variance  with  those  of  other  authors.1  The  urinary  bladder  of 
the  Turtles  is  always  more  or  less  bilobed,  and  mostly  onesided.  It  is  remarkably 
large,  and  in  land  Turtles  almost  always  filled.  The  ureters  are  short,  the  kid- 
neys lying  in  the  cavity  of  the  pelvis,  outside  of  the  peritoneum.  The  kidneys  are 
generally  flattened,  and  composed  of  many  lobes.  Their  weight,  in  relation  to  the 
weight  of  the  body,  varies  much  in  different  Turtles,  and  the  laws  about  this 
variation  are  not  yet  clear;8  but  all  of  them  have  the  kidneys  two  or  three 
times  smaller  in  proportion  than  other  Reptiles. 

Genital  Organs.     While  in  Turtles  the  kidneys  lie  outside  of  the  peritoneum, 


2HS.)  grains.  Amount  of  blood  obtained,  400  grains ; 
not  more  titan  one  third  the  usual  quantity.  Solid 
constituent*  in  1000  parts,  199  ;  water,  800.  We  quote 
this  experiment  only  to  show  how  intensively  all  the 
systems  of  the  body  lire  working  on,  even  in  this  state 
of  starvation,  and  how  erroneous  is  the  idea  of  •  gen- 
eral torpor  of  such  hungering  animals. 

1  After  this  system  had  been  first  discovered  in 
Turtle*  by  Ilewson,  in  1769,  and  beautifully  illus- 
trated by  Itojanu*  in  1819,  J.  MUller  discovered,  in 


1839,  the  hearts  which  set  it  in  motion.  This  impor- 
tant discovery  of  J.  MUller  seems,  however,  to  be 
unknown  to  Kymer  Jones,  who.  in  the  year  18&S,  in 
Todd's  Cyclopedia,  (Reptiles,  p.  302,)  denies  the  exist- 
ence of  these  lymphatic  hearts  in  Turtles.  They  are 
easily  found  in  any  living  Turtle,  and  may  be  seen 
beating  for  a  long  time  after  being  laid  bare. 

•  See  Part  III.  of  this  work,  where  this  point 
is  fully  considered. 

•  See  p.  127  of  Jones's  paper,  q.  a.,  p.  277,  note. 


Digitized  by  Google 


288 


AMERICAN  TESTUDINATA. 


Pakt  II. 


the  spermaries  and  ovaries  are  situated  inside  of  it  The  spermaries  are  oval, 
and  surrounded  by  a  convolution  of  seminiferous  canals,  the  lumen  of  which  is 
large,  whilst  their  walls  are  often  provided  with  a  large  amount  of  black  pigment1 
The  spermatic  ducts  open  into  the  cloaca  on  the  top  of  a  papilla  near  the  open- 
ing of  the  urinary  organs.  The  penis  is  single,  large,  and  retracted  into  the 
cloaca,  as  in  Crocodiles,  while  in  Snakes  and  Lizards  it  is  double,  and  lies  outside 
of  the  cloaca.1  The  form  of  the  penis,  particularly  its  end,  exhibits  great  diversity 
in  different  families,  the  extremity  being  simple  in  Testudo  and  Emys,  for  instance, 
while  it  is  branching  in  Trionyx.  The  ovaries  arc  very  much  as  in  Birds.  The 
number  of  eggs  which  are  matured  in  one  year  is,  as  in  Birds,  very  different 
in  different  families,  genera,  and  species.  The  eggs  of  the  ovaries  are  largely 
provided  with  bloodvessels.  The  oviducts  begin  with  a  tender  but  large  tuba, 
often  provided  with  beautifully  folded  margins.  In  relation  to  the  reception  of 
the  eggs  through  these  tubas,  we  have  come,  by  numerous  observations,  to  the 
strange  result,  that  eggs  from  the  left  ovary  ore  often  received  in  the  right  tuba, 
and  vice  versa.  This  fact  is  clearly  demonstrable.  We  have  observed,  in  a 
large  number  of  cases,  that  there  were  more  corpora  lutea  to  be  found  in  the 
ovary  of  one  side  than  eggs  in  the  oviduct  of  the  same  side ;  and  the  eggs  which 
were  wanting  in  this  oviduct  were  found  in  that  of  the  other  side,  on  which  there 
accordingly  appeared  fewer  corpora  lutea  than  there  were  eggs  in  the  oviduct 
Whether  this  occurs  only  among  Turtles,  or,  as  we  would  rather  believe,  also  in 
other  Vertebnita,  we  do  not  yet  know.  During  their  passage  through  the  oviduct, 
the  eggs  are  provided  with  a  thick,  hard,  calcareous  shell,  as  in  Crocodiles,  while 
in  all  other  Reptiles  we  find  only  a  leathery  shell  In  connection  with  this, 
Lizards  and  Snakes  have,  while  hatching,  a  sharp  tooth,  to  cut  through  the  shell, 
as  with  a  knife*     In  Turtles,  we  find  only  a  liard  tubercle  upon  the  snout,  by 


1  We  do  not  find  ripe  semen  in  the  seminiferous 
ducts  of  the  young  Etnys  picta  (of  which  we  hud  a 
large  series  from  the  first  year  upwards)  before  it 
ho*  attained  the  seventh  year  of  it*  age. 

1  Stannius  has  established  a  primary  division, 
among  the  Reptiles,  upon  this  difference,  and  that 
other  peculiarity  of  a  free  movable  suspensorium 
for  the  lower  jaw  in  Saurian*  and  Ophidian*,  which, 
on  the  contrary,  is  immovable,  and  soldered  by 
sutures  to  the  skull,  in  Crocodiles  and  Turtles; 
riandbuch  der  Zootomie,  Amphibien,  Berlin,  1856, 
p.  5  and  7.  He  there  calU  the  Reptiles,  Amphibia 
monopnoa ;  while  the  two  large  sections,  founded  upon 
ihe  characters  mentioned  above,  are  his  Strcpto- 


stylica,  embracing  the  Ophidians  and  Saurians,  and 
his  Monimostylica,  the  Crocodiles  and  the  Turtles. 
Though  we  acknowledge  a  nearer  relation  between 
Snake*  and  Lizards,  and  a  greater  difference  be- 
tween Saurians  and  Crocodiles,  than  is  generally 
admitted,  we  cannot  see,  on  the  other  hand,  a  real 
relationship  between  Turtles  and  Crocodiles.  There 
ia,  at  least,  no  more  affinity  between  them  than 
between  Saurians  and  Turtle*  ;  and,  though  a  group 
comprehending  Turtles  and  Crocodiles  may  be  con- 
venient in  an  anatomical  point  of  view,  it  seems, 
to  us  at  the  same  time  artificial. 

•  This  tooth  was  discovered  by  Johannes  MUllcr, 
(see  his  Archiv  fur  Anatomic  und  Physiologie  for 
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means  of  which  the  young,  like  young  Birds,  break  through  the  hard  shell.  Dr. 
Weinland  tells  me,  that  in  a  beautiful  scries  of  specimens  of  Crocodiles  in  the 
Museum  of  Berlin,  the  snout  of  the  embryo  about  hatching  is  sufficiently  hard 
to  break  the  egg,  and  that  there  is  no  such  tubercle  upon  it;  neither  is  there 
a  tooth  in  the  intermaxillary  bone  for  this  purpose. 

The  cloaca  is  very  large  in  both  sexes;  it  opens  on  both  sides  into  a  large 
pouch,  (sacci  analcs,)  the  function  of  which  is  not  yet  fully  ascertained ;  it  may 
stand  in  connection  with  the  reception  of  water  into  the  cloaca,  mentioned  above. 
The  cloaca  is  exceedingly  long  in  Trionyx.  In  female  Turtles,  we  see  in  the 
bottom  of  the  cloaca  a  longitudinal  furrow,  with  thick,  rounded  walls,  running  out 
generally  into  fringed  appendages  behind.  This  serves  as  a  vagina  in  the  act 
of  copulation.  Interiorly  we  find,  in  the  cloaca,  first,  the  opening  for  the  urine, 
then  behind  and  outside  of  it,  on  each  side,  that  for  the  oviduct. 

The  copulation  is  generally  said  to  take  place  only  once  in  a  year;  but  my 
observations  have  satisfied  me,  that,  at  least  in  some  species,  it  takes  place  twice 
every  year,  namely,  in  the  spring  and  in  the  autumn. 

It  is,  perhaps,  the  proper  place  to  mention  here  some  glands  in  Turtles  which 
open  outward  and  secrete  a  strong,  odoriferous  oil.  These  glands  seem  to  have 
a  more  immediate  reference  to  the  relations  of  the  animal  to  its  fellow-beings 
than  to  its  own  individual  organism.  We  find  such  glands  in  the  lower  jaw  in 
Testudo,  in  the  neck  and  shoulder  region  in  sea  Turtles,  while  in  the  family  of  the 
Cinosternoida)  there  are  two  larger  glands  on  each  side  under  the  carapace,  near 
the  bridge  which  unites  the  carapace  and  plastron,  the  excretory  ducte  of  which 


Uie  year  1841,  p.  329  and  foil.)  The  operation  of  the 
tooth  itself  in  the  living  animal  has  been  observed 
in  young  Snakes,  while  hatching,  by  Dr.  Wein- 
land,  (see  Wurttetnbergische  naturwisscnschaftichc 
Jahreshcfte,  XII.,  for  the  year  1856,  p.  00  and  foil.,) 
eo  that  there  can  be  no  doubt  about  the  function  of 
this  strange  tooth,  which  is  fixed  in  the  intermaxil- 
lary bone,  where  afterwards,  at  least  in  most  Snakes, 
no  tooth  at  all  is  to  be  found.  Nor  can  there 
be  any  question  of  its  being  common  to  all  Snakes 
and  Lizards,  when  hatching,  for  after  Mutter  had 
already  found  it  in  very  different  families,  it  lias 
been  traced  by  Dr.  Weinland  in  all  the  German 
Snakes  and  Lizards.  Now  neither  J.  Midler  nor 
Dr.  Weinland  could  find  this  tooth  in  the  young 
Crocodiles  when  hatching.  This  is  remarkable, 
because  it  strangely  coincides  with  the  suggestion  of 

37 


Stannius,  (sec  above,  p.  288,  note,)  to  unite  the 
Snakes  and  Lizards  on  one  side,  and  the  Turtle* 
and  Crocodiles  on  the  other  side,  into  two  larg.' 
groups;  the  first  of  which  have  such  an  egg-tooth, 
whilst  the  latter  have  none.  But,  as  far  as  the 
Turtles  and  Crocodiles  are  concerned,  Ibis  resem- 
blance is  evidently  only  negative,  and  cannot,  there- 
fore, prove  any  affinity;  while  the  fact,  that  the 
egg-tooth  is  common  to  the  Lizards  and  Snakes,  is 
another  striking  instance  of  their  close  affinity,  and 
of  the  correctness  of  the  views  of  Stannius,  who 
proposes  lo  unite  them  into  one  group,  in  opposition 
to  Turtles  and  Crocodiles,  as  Merrem  has  already 
done.  Thus,  the  Reptiles  would  really  form  only 
three  large  groups,  one  comprehending  the  Lizards 
and  Snukes,  another  the  Crocodiles,  and  a  third 
the  Turtles. 
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run  through  the  bone  and  open  outward  by  a  fine  slit  in  that  bridge.  The 
Crocodiles  have  one  large  musk  gland  on  each  side  near  the  inner  and  lower 
edge  of  the  two  branches  of  the  lower  jaw,  not  far  from  their  posterior  angle. 
The  position  of  these  glands  is  nearly  the  same  as  in  Testudo.  Many  Saurians 
have  similar  glands  on  the  lower  surface  of  the  thigh.  In  Chelydra  there  are 
no  such  glands,  though  they  emit  a  musk-like  stench,  quite  as  strong  as  that  of 
the  Cinosternoida?.  It  is  however  possible,  that  in  this  family  the  odor  arises 
from  a  large  number  of  small  glands  opening  between  the  warts  of  the  skin ; 
but  I  neglected  to  examine  this  point  in  the  proper  season.  Though  the  pro- 
duct of  these  glands  may  be  of  some  use  in  keeping  the  skin  fat  and  elastic, 
still  its  more  important  function  may  be  to  enable  the  sexes  to  find  each  other 
at  the  time  of  copulation,  as  we  observe  it  so  plainly  in  Snakes. 


The  growth  of  Turtles  is  exceedingly  slow.  In  this  respect  they  differ  greatly 
from  the  Batrachians,  which  complete  their  growth,  cither  entirely  or  nearly  so, 
during  the  first  year  of  their  life.  The  true  Reptiles,  on  the  contrary,  acquire 
slowly  the  age  of  maturity;  and  among  them  the  Turtles  are  the  slowest  in  their 
growth,  and  acquire  latest)  as  far  as  we  know,  the  period  of  puberty.  I  have 
collected  data  which  prove  satisfactorily  that  our  common  Emys  (Chrysemys)  picta 
does  not  lay  eggs  before  it  is  ten  or  eleven  years  old ;  and  even  then  it  Is  by 
no  means  full  grown. 

Like  most  other  ReptUes,  Turtles  lay  their  eggs  either  in  moist  ground,  or  in 
dryer  places  near  the  water,  (fresh-water  Turtles,)  or  in  dry  ground,  (land  Turtles,) 
or  in  hot  sand,  (Chelonioida?.)1  The  embryo  breaks  through  the  shell  of  the  egg 
by  means  of  the  horn  it  has  upon  its  snout,  (sec  above,  p.  288.)  alter  an  incuba- 
tion varying,  in  different  genera  or  families,  from  six  weeks  to  three  or  four 
months  and  even  more.2  The  outline  of  the  carapace  of  all  Amyda?,  at  the  time 
of  its  formation,  is  remarkably  similar,  namely,  ovate,  or  orbicular  and  flat ;  at  least, 
this  is  the  cose  with  all  the  young  which  I  have  had  an  opportunity  to  see. 
There   may  be  an  exception  with  reference  to  these   features  in  Testudo  only, 

1  Respecting  the  laying  of  the  egg*,  more  will  *  For  more  details  respecting  the  act  of  incu ba- 

be found  in  Part  III.  tion,  *ee  Fart  III. 
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which  I  have  not  seen  in  its  youngest  state.  In  the  Trionychida?,  this  flat,  orbic- 
ular form  is  preserved  through  life,  and  in  the  Einydoidoe  during  the  first  four 
or  five  years,  at  least;  but  by  and  by  the  shield  assumes  the  more  or  less  ellip- 
tical and  higher  form  of  the  adult,  according  to  the  different  genera  and  species. 
This  change  takes  place  earlier  in  the  Chclydroidrc  and  Cinosternoidas  than  in  the 
Emydoida),  and  earlier  still  in  the  Chelonioidse.1  In  this  last  family,  the  character- 
istic features  of  the  adult  arc  already  sketched  out  in  the  first  year,  though  not 
yet  fully  developed.  In  the  family  of  Chelydroida?,  the  embryonic  characters  are 
prevalent  for  two  years  at  least;  in  that  of  Cinostcrnoidas  the  characters  of  the 
young  do  not  disappear  before  the  fourth  year.  It  is  nevertheless  true  that  each 
family  has  its  special  pattern. 

The  young  Turtles  are  mostly  so  different  from  the  adult,  in  all  their  features, 
that  it  is  very  difficult  to  identify  them.  At  all  events,  it  requires  a  long  experi- 
ence to  recognize  them,  in  these  first  years,  for  what  they  are.  Our  systematic 
works,  even  the  most  recent,  furnish,  in  fact,  the  painful  evidence  that  these  young 
Turtles  have  repeatedly  been  mistaken  for  distinct  species.  On  the  other  hand, 
it  is  worth  mentioning,  that  Turtles  belonging  to  the  same  genus,  as  the  genera 
are  circumscribed  below,  show  already  in  the  youngest  state  slight  peculiarities 
which  at  least  indicate  the  genus,  though  the  generic  characters  are  by  no 
means  all  developed.  In  the  family  of  the  Emydoida?,  I  have  further  observed 
that  the  young  approximate  the  lower  Testudinata,  not  only  by  their  remarkable 
similarity  with  the  Chelonioidae  in  the  earlier  stages  of  their  embryonic  develop- 
ment, but  also  by  their  mode  of  life,  which  is  much  more  aquatic  than  that  of 
the  adult  of  the  same  species.  This  agrees  remarkably  well  with  the  law,  which 
seems  to  exist  throughout  the  animal  kingdom,  that  aquatic  animals  rank  lower 
than  the  terrestrial  representatives  of  the  same  groups.*  It  may  be  remembered 
in  this  connection,  that  in  a  large  number  of  Insects  the  larva?  live  in  the  water, 
while  the  perfect  Insects  are  entirely  aerial  Still  greater  differences,  in  the  mode 
of  life  and  the  form  of.  the  young  and  adults  may  be  observed  among  parasitic 
Worms.  Among  Vertebrates,  similar  differences  are  particularly  obvious  in  the 
class  of  Batrachians,  in  which  the  young  of  some  of  their  representatives  are 
entirely  aquatic,  whilst  the  adults  live  exclusively  upon  land.  At  least,  this  is 
the  case  for  the  highest  among  them,  the  Toads.  These  remarks  in  relation  to 
the  development  of  the  form,  and  the  mode  of  life,  which  is  more  or  less  con- 
nected with  the  form,  may  be  sufficient  to  show  how  important  the  study  of 
young  animals  is  with  reference  to  a  correct  appreciation  of  their  true  relations. 

The  following  table  gives  a  complete  view  of  the  changes  which  our  common 
Chryscmys  undergoes  in  its  form. 

'  Sec  Part  III.  for  further  details.  *  Compare  Part  L,  Sect.  9,  p.  30. 
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Don*]  Shield. 

Ventrml  Shield. 

Length  of 
Uw  Tn.iL 

Length. 
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the  Middle. 
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the  Middle. 

Emys  picta, 

Second  year.1 

12  Mil. 

26} 

25 

25 

18 

16} 

Auct.  Now 

Third  year. 

Male. 

17 

42 
t  - 

Of 

9A 

17} 

Chryseniys 

Fourth  year. 

Female. 

21* 

01 

AA 

171 

20} 

picta,  Gray. 

Fifth  year. 

Female. 

23* 

54 

51 

50 

39 

21} 

Sixth  year. 

Female. 

25 

59 

56 

54 

Ml 
n 

23} 

Seventh  year.* 

Male. 

26} 

66 

60 

60 

47 

26 

Seventh  year. 

Male. 

27 

67 

60 

60 

47} 

26} 

Eighth  year. 

Male. 

28 

72} 

61 

68 

50 

27} 

Ninth  year. 

Male. 

28 

74 

62 

70 

50 

27} 

Tenth  year. 

Male. 

30 

77 

64 

73 

53} 

28 

Eleventh  year. 

Male. 

30 

80 

67 

76 

54 

28} 

Fourteenth  year. 

Male. 

33 

92 

74} 

85 

60 

28} 

Twenty-fifth  year. 

Female. 

43 

121 

92 

113 

80 

34 

01.1. 

47 

129 

96 

120$ 

81 

37 

Very  old. 

Female. 

59 

163 

113 

154 

95 

53 

Ch  rysemys 

Sixth  year. 

Male. 

29 

68 

59 

63 

47 

27 

(Emys) 

Old. 

Male. 

35 

99 

77 

92 

n 

40 

Bellii,  Gray. 

Very  old. 

Female. 

59 

155 

110 

145 

93 

50 

There  is  another  feature  which,  though  of  less  importance,  still  allows  a  gen- 
eralization worth  mentioning,  I  mean  the  change  of  color  in  Turtles  of  different 


'  As  Turtles  lay  their  egg*  in  the  spring,  the 
specimens  selected  for  examination  were  all  collected 
in  the  spring;  the  starting  point  of  comparison  is, 
therefore,  really  the  second  year  of  their  develop- 
ment. However,  as  the  eclosion  takes  place  only 
late  in  the  summer,  the  young  liad  only  been  hatched 
six  months  when  picked  up,  though  they  are  con- 
sidered here  as  one  year  old,  on  account  of  the 
long  period  of  incubation.  Moreover,  there  is  very 
little  ditTerence  between  specimens  recently  hatched 
and  those  collected  the  following  spring. 

1  After  the  seventh  year,  it  is  much  more  difficult 
to  distinguish  the  age  of  those  Turtles,  which,  like 


Chrysemys  picta,  have  a  perfectly  smooth  epidermis, 
than  during  the  earlier  years.  I  have,  however, 
been  able  to  determine  it  with  tolerable  precision, 
by  collecting  large  numl>crs  of  specimens  at  the 
same  time  and  in  the  same  season,  and  assorting 
them  according  to  their  size,  and  comparing  the 
sets  thus  formed  with  specimens  of  other  specie*, 
in  which  the  successive  lines  of  growth  indicate  the 
number  of  their  years.  During  the  first  six  or  seven 
years  the  rate  of  growth  is  so  uniform  that  numer- 
ous specimens  collected  at  the  same  time  are  readily 
arranged  in  sets  of  the  same  age,  simply  by  the 
they  show  in  their 


Digitized  by  Google 


Chap.  L 


GROWTH  OF  TURTLES. 


293 


ages,  and  the  simplicity  of  their  forms.  As  a  roundish  form  is  an  attribute 
of  the  young,  which  we  may  trace  throughout  the  animal  kingdom,  so  also 
has  simplicity  of  ornamentation,  particularly  of  color,  been  considered  as  charac- 
teristic of  the  younger  age.  Most  Birds  furnish  examples  of  this  law,  in  their 
monotonous  gray  plumage  at  the  time  of  hatching,  when  contrasted  with  the 
beauty,  gayety,  and  variety  of  colore  in  the  adult  But  in  Reptiles  this  law  is  not 
so  obvious,  and  there  arc  even  very  striking  exceptions,  if  the  opposite  is  not 
actually  to  be  considered  as  the  rule.  A  Boa  constrictor,  a  striped  Snake,  a 
Rattlesnake,  when  hatching,  show  the  same  purity  of  colors  as  the  adult,  or  even 
a  greater  brilliancy.  The  same  seems  to  be  the  case  with  Turtles,  if  we  compare, 
for  instance,  the  beautiful  network  of  yellow  lines  in  Graptcmys  Lcsucurii  and 
geographica,  when  hatching,  with  the  pale  colors  of  the  adult  Still,  the  law 
mentioned  above  is  maintained,  at  least  thus  far,  that  few  young  Turtles  have 
really  purer  colors  than  the  adults.  Yet  there  are  some,  which  in  middle  life 
are  more  brilliant  than  either  in  their  earlier  years  or  in  old  age.  This  is,  for 
instance,  the  case  with  Ptychemys  concinna,  (E  floridana,)  and  rugosa,  (E  rubri- 
ventris,)  and  with  Emys  Meleagris,  (Cistudo  BlandingiL)  From  all  those  instances 
which  I  have  investigated  more  thoroughly,  it  may  be  inferred  that  the  fading 
of  the  colore  in  adult  specimens  is  cither  owing  to  the  thickness  of  the  grayish 
epidermis,  which  thus  obscures  the  Malpighian  layer,  in  which  the  color  resides, 
or  to  external  mechanical  influences  which  injure  the  smoothness  of  the  epidermis. 

In  order  to  illustrate  this  subject  more  fully,  I  add  in  a  note  more  minute 
details  .relating  to  the  development  of  Chrysemys  picta,  not  only  as  far  as  its 
form  is  concerned,  but  also  respecting  its  colors.  A  lurge  series  of  specimens  of 
all  ages,  from  the  youngest,  just  hatched,  to  the  adult,  including  very  old  ones, 
collected  in  the  same  season  of  the  year  and  at  the  same  time,  enables  me  to 
present  this  sketch.1     I  have  selected  this  species  to  illustrate  the  changes  which 


1  When  comparing  young  specimen*  of  our  moat 
common  Turtles  with  adult  ones,  our  Emys  picta  for 
instance,  when  just  hatched,  there  are  three  points 
which  strike  us  at  first  sight.  A  large,  full  head, 
a  circular,  flat  carapace,  and  a  long  tail,  vertically 
compressed.  The  head,  at  first  almost  a  regular  ball 
with  three  prominences,  the  two  large  eyes  and  the 
nose,  becomes  in  more  advanced  age  more  and  more 
pyramidal ;  it  has  in  the  adult  four  distinct  side*,  a 
very  flat  upper  surface,  two  lateral  surfaces,  which 
are  slightly  bent,  and  a  flat  under  surface.  But  it 
is  remarkable.  Hint  in  Emys  eonccntrica,  and  also, 
though  in  a  less  degree,  in  the  type  of  Emys  floridana, 


that  youthful  form  of  the  head  continues  throughout 
life.  This  is  more  remarkable  still,  if  we  remember 
Uiat  just  these  species  are  the  most  aquatic  among 
Emydoida1,  and  further  that  our  young  Emys  picta 
is  itself  much  more  aquatic  in  its  habits,  during  the 
first  years  of  its  life,  than  it  is  in  later  life.  In 
relation  to  the  changes  of  the  forms  of  the  carapace, 
I  have  presented  these  in  the  shape  of  a  table,  in 
which  the  differences  arising  during  the  growth,  in 
Ihe  relative  proportions  of  the  different  diameters 
of  the  body,  may  be  seen  at  a  glance.    See  p.  292. 

Thus  we  may  say  that  this  Emys,  for  the  first 
four  or  six  years  of  its  life,  has  the  shape  of  the 
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Testudinntn  undergo  with  age,  not  only  because  I  have  been  able  to  obtain  a 
much  larger  number  of  specimens,  but  chiefly  because  I  have  had  ample  oppor- 


carapace  of  a  Trionyx,  nn.l  that  like  this,  it  Uvea 
almoat  exclusively  in  water.  This  is  also  the 
reason  why,  in  spite  of  the  much  larger  number  of 
young  than  of  adults,  (which  exist  no  doubt  among 
these  animals,  as  in  most  species  throughout  the 
animal  kingdom,)  the  young  Emydoidw  are  still  so 
rare  in  our  museums,  and  almost  unknown  to  zoolo- 
gists. Nothing  could  prove  more  directly  this  differ- 
ence in  the  mode  of  life  of  the  young  and  the  adult 
than  the  fact,  that  though  Emys  insculpta  is  so  com- 
mon in  the  neighborhood  of  Lancaster,  about  forty 
miles  from  Boston,  that  I  have  at  times  collected 
over  one  hundred  in  an  afternoon,  aided  by  a  few 
friends,  I  have  never  yet  been  able  to  obtain  a 
single  young  specimen  of  the  first  year,  even  though 
a  whole  school  of  young  men  were  called  to  aid  in 
the  search.  Professor  Daird  has  found  the  same 
difficulty  in  obtaining  young  Emys  rugosa  for  me, 
and  though  he  offered  a  high  price  for  them,  he 
could  not  obtain  more  than  a  single  specimen  of 
the  first  year.  And  yet  this  species  is  so  common, 
that,  in  the  season,  hundreds  are  daily  brought  to 
the  market  of  Washington. 

By  and  by  the  bulk  of  the  body  becomes  more 
concentrated  in  the  middle ;  the  lungs  of  land  species 
being  larger  in  proportion  than  those  of  aquatic 
ones,  (see  above,  p.  283,)  require  a  larger  develop- 
ment of  the  carapace  in  height;  and  Emys  picta 
of  the  seventh  year,  which  is  now  ready  to  go  from 
time  to  time  on  land,  assumes  at  this  age  the  shape 
of  the  Nectemyds.  Then  it  approaches  more  and 
more  the  rounded  form  of  the  land  Turtles;  this 
is,  however,  never  reached  in  this  species,  though  it 
is  actually  the  case  in  a  higher  genus  of  Emydoidse, 
the  terrestrial  Cistudo. 

The  retrograde  development  of  the  tail,  as  shown 
in  our  table,  furnishes  another  proof  of  the  truth 
of  these  comparisons.  At  first,  in  the  hatching 
Turtle,  the  tail  is  vertical,  compressed  laterally,  and 
very  long  in  proportion  to  the  size  of  the  animal, 
indeed,  nearly  as  long  and  powerful  aa  in  Chelydra, 
and,  like  the  tail  of  a  Tadpole,  serves  as  a  kind  of 


rudder,  strong  enough  to  direct  the  course  of  that 
living  fiat-boat  with  its  four  paddles.  Thus  as 
in  the  flying  Bird,  the  tail  is  to  be  looked  upon  as 
a  locomotive  organ.  But  afterwards  it  does  not 
grow  in  the  same  proportion  as  the  body ;  and 
while  in  the  young  it  was  one  of  it*  most  im- 
portant parts,  it  is,  on  the  contrary,  in  the  adult, 
a  mere  appendage  to  the  body,  weak  and  useless 
for  the  locomotion  of  that  heavy  bulk.  1  may 
add  here,  that  the  tail  is  also  rather  long  in  Triony- 
chida?;  and  that  in  the  family  of  Chelydroid*  it 
is  most  powerful,  nnd  clearly  subservient  to  loco- 
motion, in  darting  the  body  forwards  or  in  turning 
it  over  when  on  its  back  ;  while  in  Cistudo  it  nearly 
disappears,  or  at  least  loses  all  significance. 

Again,  the  legs,  in  their  development  in  the  young 
as  compared  with  the  adults,  show  similar  meta- 
morphoses, though  not  in  the  same  degree  in  our 
species  as  in  some  others,  E.  guttata  or  insculpta, 
for  instance.  Being  really  broad  paddles  in  the 
young,  they  become  stiffer  and  more  compact  in 
the  adult,  to  suit  their  habit  of  walking  on  the  land, 
as  well  as  swimming  in  the  water.  In  Cistudo, 
the  highest  Emydian,  they  have  reached  the  form 
of  feet  adapted  to  walking,  instead  of  broad  paddles, 
and  so  we  find  the  slender  fingers  soldered  together. 
In  one  species  of  this  genus,  one  of  these  fingers 
has  even  faded  away  to  a  single  phalunx,  which 
does  not  reach  beyond  the  skin,  or  only  shows,  when 
young,  a  very  small  nail  projecting  sideways. 

We  now  proceed  to  a  comparison  of  the  horny 
plates  of  the  young  E.  picta  with  those  of  the  adult. 
I  would  also  refer  to  the  Plates  I.,  II.,  III.,  and  IV., 
which  exhibit  accurate  drawings  of  the  young  of  a 
number  of  other  species  of  our  Turtles.  PI.  XXVI. 
represents,  besides,  several  young  Ptychemys  rugosa, 
(Emys  rubriventris,)  and  PL  XXVII.  adults  of 
the  same  species  in  different  varieties  of  color. 
A  glance  at  the  horny  plates  of  both  shows  a  great 
difference  in  form.  The  following  changes  take  place 
in  the  development  of  these  plates  in  Chryscrays 
(Emys)  picta.    The  plates  of  the  dorsal  side  of  this 
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tunities  of  watching  it  for  ten  successive  years.  TLc  other  species,  of  wliich  I 
possess  less  extensive  series,  are  described  in  the  following,  third,  Chapter. 


Turtle,  when  hatching,  are  angular,  when  adult, 
rounded ;  the  median  ones  are  twice  as  broad  as 
high  in  the  young ;  they  are  as  broad  as  high,  or 
even  higher  than  broad,  in  the  adult.  Granulated 
in  the  young,  they  are  smooth  in  the  adult.  The 
granulated  plate  of  the  first  year  continues  in  some 
land  Turtles,  and  also  in  Cistudo  virginea,  some- 
times throughout  life,  as  the  centre  of  the  plate. 
In  Chrysemys,  and  in  most  Emydoidic,  the  plates 
become  entirely  smooth  after  thu  second  year. 
We  meet  similar  discrepancies  in  reference  to  the 
plates  of  the  plastron.  While  in  the  young  they 
have  all  the  same  longitudinal  diameter,  they  ore 
•  of  very  different  length  in  the  adult,  the  three  pos- 
terior pairs,  particularly  the  second  pair  of  the  con- 
necting plates,  becoming  much  higher.  All  these 
changes  in  the  form  of  the  plates  are,  of  course, 
connected  with  the  changes  of  the  general  form  of 
the  carapace,  as  described  above.  We  find,  for  the 
first  time,  the  form  of  adult  plates  in  specimens 
about  six  years  old.  But  I  must  mention  here 
a  remarkable  exception,  which  I  once  met  with 
in  this  species,  namely,  a  tine  specimen  of  more 
than  seven  years  exhibiting  still  all  the  forms  of 
the  plutes  of  the  young  when  hatching. 

We  observe  similar  changes  with  reference  to 
colors.  In  Chrysemys  picta  just  hatched,  the  back 
is  of  a  dark  gray  brown  color  with  a  yellow  middle 
line.  The  marginal  plates  are  red  above,  each 
with  three  semicircular  bands,  the  lowest  one  the 
broadest ;  they  are  red  below,  with  n  black  circle. 
The  plastron  is  red,  in  some  specimens  with  a  black, 
boltk-like  mark  in  the  middle,  occupying  the  inner 
mnrgin  of  all  the  plates  of  the  plastron.  The  head 
is  brown,  with  yellow  stripes;  a  yellow  sjiot  behind 
each  eye,  and  a  broad,  club-like  band  on  each  side 
running  behind,  are  particularly  conspicuous;  over 
these  there  are  yellow  s|>ots  along  the  neck.  Similar 
bands,  forked  in  front,  extend  from  the  angle  of  the 
mouth  to  the  fore  leg;  two  other  yellow  bands  are 
seen  along  the  under-side  of  the  neck ;  and  finally,  a 
short,  imperfect  one  runs  backwards  from  the  middle 


of  the  lower  jaw,  not  touching  the  former  ones,  as 
in  the  adult.  The  fore  legs  have  one  red  middle 
stripe  in  front,  aud  another,  very  short,  above  it. 
All  phalange*  have  reddish  lines.  The  hind  part 
of  the  fore  leg  is  dark  brown,  with  some  little  white 
spots.  The  hind  legs  are  dark  in  front,  with  two 
yellowish  bands  behind,  the  lower  one  originating 
from  the  base  of  the  tail,  where  it  meets  that  from 
the  other  side,  and  hence  forms  one  stripe  along  the 
under-side  of  the  tail  The  tail  is  marked  above  in  the 
same  way  by  a  yellowish  line,  forked  near  the  root. 
In  the  dress  of  the  Turtle  during  the  second  year, 
there  appear  entirely  new  yellow  stripes  aeross  the 
back,  coloring  the  anterior  margin  of  the  plates  and 
joining  the  yellow  median  stripe,  which  grows  then 
much  brooder.  Moreover,  the  plastron  is  no  longer 
red,  but  yellow.  The  black  mark  upon  it,  if  it  still 
exists,  exteuds  only  from  the  fourth  pair  of  plates 
to  the  last.  All  the  stripes  upon  the  legs  and  feet 
are  no  longer  red,  but  yellow.  In  the  third  year, 
the  colors  are  brighter,  especially  the  yellow  crow 
bands  on  the  back,  which  now  turn  reddish,  extend- 
ing more  and  more  over  the  margins  of  the  plates, 
with  the  exception  of  the  exterior  margin.  The 
marginal  plates,  light  red  until  now,  change  into  a 
splendid  purple.  In  the  fourth  year,  we  see  already 
all  the  colors  of  the  adult,  though  the  Turtle  of  this 
year  is  not  yet  half-grown,  and  though  its  general 
roundish  form,  as  well  as  the  form  of  the  head,  of 
the  tail,  and  of  the  single  plates,  still  exhibits  rather 
the  youthful  than  the  adult  characteristics.  (Comp. 
the  table  above,  p.  292.) 

It  is  interesting  to  follow  out  the  same  develop- 
ment in  another  Einydian,  Chrysemys  Bellii,  which 
is  very  nearly  related  to  Chrysemys  picta.  The 
organic  laws  of  its  development  are  exhibited 
in  the  same  way  as  in  Chrysemys  picta,  but 
we  learn  here  that  the  specific  characler,  so  far 
as  the  coloring  is  concerned,  namely,  that  black, 
bottlo-like  mark,  (which  we  find  so  largely  devel- 
oped in  the  adult  Chr.  Bellii,  while  it  is  entirely 
wanting  in  the  adult  Chr.  picta,)  is  already  yery 
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SECTION  XV. 

THE   PSYCHOLOGICAL   DEVELOPMENT   OF  TURTLES   COMPARED   WITH  THAT   OF  THE  OTHER 

ORDERS  OF  REPTH.ES. 

It  is  a  question  of  the  greatest  interest,  and  one  which  must  arise  in  the  mind 
of  every  reader  who  has  entered  into  the  spirit  of  the  First  Part  of  this  work, 
whether  the  psychological  development  of  animals  rises  in  the  same  degree  as  the 
development  of  the  complication  of  their  structure  generally.  If  this  be  the  case, 
it  folio ws  directly  that  the  rank  of  the  orders  expresses  at  the  same  time  the 
range  of  their  psychological  development  And  we  think  that  this  is  really  the 
case.  Now  since  we  have  shown  that,  owing  to  the  complication  of  their  structure, 
the  Turtles  are  really  the  highest  order  among  Reptiles,  we  must  expect  to  find 
in  them  also  the  highest  psychological  development  of  the  whole  class,  higher 
indeed  than  that  of  Lizards  and  Snakes. 

But,  to  measure  the  psychological  development  of  animals  is  one  of  the  most 
difficult  tasks  in  natural  science,  since  it  can  only  be  done  by  a  comparison  of 
those  functions  through  which  the  mental  energies  are  manifested,  and  the  grada- 
tion and  intensity  of  which  are  not  so  easily  ascertained  as  those  of  other  organs. 
These  functions  are,  the  sensations  and  the  motions. 

With  reference  to  the  sensations,  it  cannot  be  doubted  that  they  stand  in 


distinct  in  the  young  animal  when  hatching,  more 
so  indeed  than  in  Chr.  picta,  in  which,  as  stated 
above,  I  have  sometime*  seen  such  a  mark  when 
young;  and  while  it  now  increases  in  Chr.  Bellii, 
it  disappears  entirely,  in  the  two  or  three  following 
years,  in  Chr.  picta.  Then  again,  in  relation  to 
the  form,  we  find  that  the  specific  character  of  the 
carapace,  by  which  Chr.  picta  and  Chr.  Bellii  are 
so  easily  distinguished  when  adult,  (the  large  diame- 
ter of  the  hind  part  of  the  shield  in  comparison  to 
its  front  part,  as  we  meet  it  in  Chr.  Bellii,  while 
in  Chr.  picta  both  these  diameters  are  nearly 
equal,)  only  appears  about  the  seventh  year.  Thus, 
we  Bcfl  that  in  this  development  there  is  not  a 
definite  and  regular  series  in  the  appearance  of 
specific,  generic,  family,  and  ordinal  characters ;  a 
specific  character  may  appear,  while  the  family 


character  is  not  yet  marked.  The  young  Chrysemys 
Bellii,  when  hatching,  has  really  in  its  tortus,  which 
constitute  family  characters,  not  much  more  relation 
to  the  family  of  Emydoidae  than  a  Trionyx,  when 
hatching,  while  it  already  exhibits  its  specific  coloring 
in  contradistinction  to  that  nearly  allied  species, 
Chr.  picta.  The  idea  that  an  animal,  in  its  develop- 
ment from  the  egg,  exhibits  first,  class,  then  order, 
then  family,  then  generic,  then  specific  characters, 
may  be  true  in  some  cases,  but  it  is  certain  that  in 
most  species  this  is  not  the  case.  On  the  contrary, 
I  do  not  hesitate  to  say  that  there  are  many  ani- 
mals which  exhibit  in  their  youth  the  characters 
of  a  different  family  from  that  to  which  they  really 
belong  when  adult.  It  is  evident  that  if  this  be 
the  case,  the  supposed  law,  above  alluded  to,  is 
positively  denied  in  nature. 
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direct  relation  to  the  development  of  the  organs  of  the  senses  and  of  the  brain ; 
while  the  motions  arc  dependent  upon  the  development  of  the  muscular  system. 

Now,  accurately  to  determine  the  standing  of  the  Turtles  in  their  class,  as 
far  as  their  psychological  development  is  concerned,  a  glance  at  the  position  of 
the  whole  class,  in  its  branch,  may  furnish  some  valuable  hints.  Though  the 
orders  have  been  represented 1  as  the  natural  groups  which,  being  founded  upon 
the  complication  of  the  structure  of  animals,  above  all  determine  their  relative 
rank,  it  is  equally  true,  that  the  classes,  when  compared  with  one  another,  stand 
lower  or  higher,  in  proportion  as  the  systems  of  organs  which  are  developed  in 
them  have  a  higher  importance,  or  are  built  upon  a  more  perfected  pattern.  In 
the  branch  of  Vertebrata,  there  can  be  no  doubt  that  the  class  of  Fishes,  as  a 
whole,  occupy  the  lowest  position,  that  Amphibians  rank  next  to  them,  that 
Reptiles  come  next,  that  Birds  stand  above  these,  and  that  Mammalia  are  the 
highest.  Their  whole  structure  shows  this  plainly.  But,  to  consider  only  the 
points  which  have  a  bearing  upon  the  question  under  consideration,  it  is  obvious, 
that  the  Fishes,  in  which  the  whole  bulk  of  the  body  is  one  undivided  mass, 
the  vertebral  column  continuous  in  one  horizontal  line  with  the  base  of  the  skull, 
the  muscular  system  uniformly  extended  over  the  whole  trunk,  so  as  to  allow  only 
lateral  motions,  and  the  limbs  reduced  to  branching  digital  ions  without  concen- 
trated activity;  in  which  the  brain  is  only  a  slight  enlargement  of  the  spinal 
marrow,  and  some  of  the  organs  of  senses  are  cither  wanting  or  very  imperfect, 
while  the  others  are  rather  blunt  and  obtuse;  —  it  is  obvious,  I  say,  that  this 
class  occupies,  not  only  structurally,  but  also  with  reference  to  its  psychological 
endowment,  a  much  lower  position  than  the  classes  of  Amphibians  and  of  true 
Reptiles,  in  which  the  different  regions  of  the  body  are  more  distinct,  the  motions 
more  localized,  the  organs  of  the  senses  more  perfect,  and  the  brain  larger. 

In  these  two  classes,  the  preponderance  of  the  head  is  already  fully  indicated 
by  its  position,  being  somewhat  raised  above  the  bulk  of  the  body  and  forming 
with  it  a  more  or  less  marked  angle,  whilst  in  most  of  them  the  limbs  are 
detached  as  locomotive  appendages,  distinct  from  the  trunk,  though  not  yet  so 
free  as  to  move  with  perfect  independence.  In  Birds  and  Mammalia,  the  progress 
is  still  more  distinct  The  different  regions  of  the  body  are  not  only  better 
marked,  they  are  also  more  diversified  in  their  structure;  the  body  is  no  longer 
so  prone  upon  the  medium  in  which  the  animal  lives;  the  head  has  acquired  a 
special  movability  in  connection  with  the  highly  organized  organs  of  the  senses,  the 
larger  brain  and  the  commanding  position  it  has  assumed ;  the  motions  also  are 
more  diversified,  not  only  in  themselves,  but  the  anterior  and  posterior  pair  of 

1  See  Part  I.,  Chap.  2,  Sect.  3,  p.  150. 
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limbs  arc  even  sometimes  adapted  to  different  purposes.  All  these  features  are 
brought  to  a  climax  in  Man,  whose  vertical  station  presents  the  highest  contrast 
with  the  horizontal  position  of  the  body  in  Fishes;  whose  head  is  so  raised  as  to 
stand  free  above  the  whole  frame,  while  the  hands  have  become  the  willing  tools 
of  the  manifestations  of  his  mental  powers.  The  gradation,  as  far  as  the  structure 
is  concerned,  is  as  evident  as  possible,  from  the  unwieldy,  massive,  horizontal  body 
of  the  Fish,  up  to  the  commanding  attitude  of  Man;  and  that  this  structural 
gradation  stands  in  immediate  correlation  to  the  degree  of  the  psychological 
development  Is  equally  evident,  when  we  compare  the  mental  powers  of  Man 
with  the  imperfect  faculties  of  the  Fishes. 

With  reference  to  the  motions  in  particular,  Dr.  Weinland  has  presented  very 
interesting  considerations,  in  a  paper  read  not  long  ago  before  the  Boston  Society 
of  Natural  History.1  He  remarked,  that  there  exist  in  animals  two  kinds  of 
motions,  entirely  different  from  one  another,  which,  however,  have  not  as  yet  been 
duly  distinguished.  If  we  watch  attentively  the  motions  of  a  dog,  for  instance, 
we  noon  perceive  that  they  are  partly  subservient  to  himself  only;  such  are  his 
motions  when  eating,  drinking,  etc.;  while  he  performs  many  other  motions  with 
his  eyes,  his  ears,  his  tail,  his  whole  body,  by  which  he  evidently  intends  to  show 
to  other  animals  or  to  Man,  the  state  of  his  mind,  what  he  thinks,  feels,  or  wants. 
Dr.  Weinland  calls  the  first  kind  of  these  motions  "  subjective ; "  the  second, 
"sympathetic."  He  showed  that  the  first  are  common  to  all  animals,  while  the 
second  appear  only  in  the  higher  types,1  and  culminate  in  Man.  Moreover,  the 
higher  perfection  of  the  organs  for  sympathetic  motions,  as  observed  in  Man, 
expresses  at  the  same  time  his  higher  psychological  standing.  The  gradation 
observed  in  this  respect,  in  the  different  classes  of  Vertebrata,  is  not  less  appre- 
ciable. The  Fishes,  lying  horizontally  in  the  water,  move  simultaneously  the  whole 
body  by  the  lateral  bendings  of  the  vertebral  column,  and  the  fins  perform  only 
locomotive  functions;  the  eyes  are  little  movable,  and  without  expression.  Fishes 
have  no  voice,  indeed  hardly  any  means  by  which  they  can  communicate  with 
their  fellow-creatures,  and  yet  they  may  be  seen  moving  together  in  such  a  man- 
ner as  to  indicate  a  kind  of  concert;  I  have  even  observed  some  playing  with 
one  another. 

In  Batrachians  and  Beptiles,  the  sympathetic  motions  are  already  more  varied, 
the  relations  of  the  individuals  of  the  same  species  to  one  another  are  more  exten- 
sive and  more  frequent,  and  their  ability  to  emit  sounds  almost  universal,  though 
these  sounds  are  still  very  monotonous.     With  the  Birds  and  Mammalia,  all  these 

1  Sou  Dr.  Weinland,  aOn  the  Stations  of  Ani-  8  It  is  impassible,  for  the  present,  to  extend 

mals,"  in  True.  Boston  Society  of  Nat.  History,  such  investigations  to  the  faculties  of  Inrertcbraia. 
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relations  become  more  intimate,  and  acquire  a  character  of  intensity  unknown  among 
the  cold-blooded  Vertebrata.  In  Man,  the  vertical  station  renders  the  whole  body 
better  adapted  to  perforin  sympathetic  motions,  and  the  organs  themselves,  by 
which  they  are  performed,  are  more  perfect ;  the  hand  especially,  still  a  locomotive 
organ  in  the  Monkeys,  is,  next  to  speech,  the  most  expressive  organ  of  Man.  With 
it  he  strengthens  his  word;  with  it  he  grasps  the  hand  of  his  fellow-man;  with  it 
he  presses  his  mate  upon  his  heart  Need  I  add,  how  expressive  ore  the  lips,  the 
eyes,  the  tongue,  the  organs  of  the  voice,  and  even  the  attitudes  of  the  body,  in 
giving  utterance,  by  their  diversified  play,  to  our  thoughts,  our  feelings,  and  our 
emotions — joy,  love,  grief,  or  hope! 

In  this  series,  the  true  Reptiles  occupy  an  intermediate  position  between  the 
Batrachians  and  Birds.  But  if  we  apply  the  same  test  to  the  Turtles  in  particular, 
we  cannot  fail  to  see  that,  as  the  complication  of  their  structure  assigns  to  them  the 
highest  position  in  their  class,  so  also  is  their  psychological  development  highest 
among  Reptiles.  No  one  can  fail,  on  the  contrary,  to  see  that  the  place  assigned  to 
the  Snakes,  at  the  bottom  of  their  class,  while  the  Lizards  stand  iu  an  intermediate 
position  between  them  and  the  Turtles,  is  as  well  justified  in  a  psychological  point 
of  view  as  it  is  by  the  complication  of  their  structure.  Their  whole  body  is  used 
for  locomotion;  there  are  no  limbs;  the  head  and  neck  are  buried  in  the  uni- 
form cylindrical  body ;  the  eyes  are  nearly  immovable ;  there  is  no  voice  but  a 
kind  of  hissing,  which  may  express  at  times  fear,  at  other  times  fierceness.  This, 
and  certain  bendings  of  the  whole  body,  or  an  uplifting  of  its  front  part  or  of 
the  tail,  and  a  feverish  shaking  of  the  latter,  as  we  sec  it  particularly  in  some 
poisonous  Snakes  when  near  their  prey,  are  the  only  motions  by  which  Snakes 
show  to  other  animals  or  to  Man,  the  state  of  their  mind.  Fear  and  ferocity 
are  indeed  the  only  psychical  emotions  which  have  been  observed  in  Snakes  by 
the  most  attentive  observers.  If  we  compare  a  Snake  near  its  prey  with  a  Liz- 
ard in  the  same  employment,  we  may  admire  the  shrewd  prudence  of  the  latter, 
while  we  are  astonished  at  the  awkwardness  of  the  former.  The  Lizard,  turning 
its  head  now  on  one  side  then  on  the  other,  watches  carefully  the  fly  it  has 
espied,  and  at  once  catches  it  by  a  quick  motion,  which  he  makes,  however,  only 
when  sure  of  success.  On  the  contrary,  we  may  often  see  Snakes  striking  again 
and  again  in  the  direction  of  their  prey  before  they  catch  it.  There  are  more- 
over no  c3'elids  in  Snakes,  while  they  are  much  developed  in  Lizards,  and  capable 
of  the  liveliest  motions.  The  eyelids  render  the  eyes  of  the  Lizard  expressive, 
and  from  these  alone  we  may  ascertain  whether  they  are  lively  or  depressed, 
while  the  eyes  of  the  Snake  are  unexpressive,  cold,  and  unchanging.  Snakes  see 
only ;  Lizards  look.  And  now  what  is  the  further  step  of  psychological  devel- 
opment made  from  the  Lizards  to  the  Turtles?     The  neck,  in  the  first  place, 
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has  become  still  freer  than  in  Lizards;  and  secondly,  the  head  moves  indepen- 
dently of  the  neck,  which  was  not  yet  the  case  in  Lizards.  With  this  structural 
condition,  the  foundation  is  laid  for  a  higher  and  more  conscious  relation  to  the 
surrounding  mediums  than  is  observed  in  Lizards.  The  ability  to  move  the  head 
freely  upon  the  neck  furnishes  a  larger  horizon  for  the  senses,  which  are  situated 
in  the  head,  and  by  this  a  more  extensive  and  more  accurate  perception  of  the 
surrounding  world  may  be  obtained  than  wo  can  suppose  in  those  animals  in  which 
the  neck  is  buried  in  the  body,  as  in  Fishes  and  Snakes,  or  in  which  the  head 
at  least  is  buried  in  the  neck,  as  in  Lizards,  But  even  the  legs,  which,  as  in 
Lizards,  seem  to  be  subservient  only  to  locomotion,  perform  in  addition,  in  Tur- 
tles, functions  which  we  would  hardly  suppose  in  these  animals.  Professor  Jeffries 
Wyman  had  once  the  rare  opportunity  of  watching  two  Chrysemys  picta  while 
making  love,  and  he  saw  the  male  caressing  and  patting  the  head  of  the  female 
with  its  fore  feet  for  several  minutes.  Thus  among  Reptiles  the  fore  feet  have 
become,  in  Turtles,  organs  for  sympathetic  motions;  but  we  arc  not  aware  how  far 
this  is  extended  to  the  whole  order.  Moreover,  the  voice  of  Turtles  is  superior 
to  that  of  Lizards,  which  are  only  able  to  emit  that  hissing  sound  which  is  com- 
mon to  all  Reptiles. 

In  conformity  with  this  higher  psychical  endowment  of  the  Turtles,  their  brain 
is  much  more  developed  than  in  the  other  Reptiles,  particularly  the  large  hemi- 
spheres.1 Still  it  is  true,  that  Turtles  are  in  some  respects  more  insensible  than 
other  Reptiles,  or  at  least  than  Lizards.  They  resist  hunger  and  thirst,  and  the 
effect  of  wounds,  easier  than  Lizards.  This  shows,  no  doubt,  a  slower  process 
of  change  in  the  materials  of  which  the  body  is  built  up,  and  accordingly  also 
a  lower  vital  energy  generally.  But,  on  the  other  hand,  we  must  not  forget  that 
our  observations  of  the  habits  of  Turtles  have  for  the  most  pail  been  made  upon 
individuals  kept  in  captivity.  If  we  walk  along  our  ponds,  and  watch  our  Emy- 
doida?,  sunning  themselves  on  the  shore,  or  on  logs  floating  upon  the  water,  they  are 
by  no  means  so  slow  and  lazy  as  they  are  so  generally  supposed  to  be.  They  may, 
on  the  contrary,  be  seen  attentively  looking  around  and  stretching  out  their  neck 
to  the  utmost,  as  if  listening.  At  the  slightest  noise  of  our  steps,  and  with  a 
quick  motion  of  their  paddles,  they  disappear  under  the  surface  of  the  water. 
If,  now,  in  captivity,  the  same  animal  becomes  more  or  less  awkward  and  slow, 
we  ought  to  remember,  that  the  higher  an  animal  stands,  the  more  it  feels 
the  privation  of  its  liberty;  and  my  long  experience  with  Turtles  has  satisfied 
me  that  they  do  feel  the  change,  when  confined  in  narrow  enclosures. 


1  Sm  above,  Sect.  8,  p.  274. 
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SECTION  XVI. 

GEOGRAPHICAL  DISTRIBUTION  OF  THE  TKSTLDINATA. 

The  distribution  of  the  Testudinata  upon  the  surface  of  our  globe  presents 
sonic  very  interesting  features,  which  deserve  the  more  to  arrest  our  attention,  as 
they  bear  directly  upon  the  very  principles  which  regulate  the  geographical  dis- 
tribution of  the  animals  in  general.  In  the  first  place,  we  find  that,  taken  as 
a  whole,  the  range  of  the  Testudinata  is  less  extensive  than  that  of  the  other 
orders  of  Reptiles.  This  agrees  with  the  general  fact,  that  the  higher  representa- 
tives of  any  comprehensive  group  arc  everywhere  more  limited  in  their  distribution 
than  the  lower  types  of  the  same  group ;  and  as  wo  have  seen  that  the  Testu- 
dinata are  the  highest  Reptiles,  we  should  expect  to  find  them,  as  is  really  the 
case,  occupying  a  more  limited  area  of  the  surface  of  the  globe  than  either  the 
Saurian*  or  the  Ophidians.  This  is  equally  true  of  their  horizontal  and  of  their 
vertical  range.  A  few  Saurians,  and  some  Ophidians,  especially  of  the  family  of 
Vipers,  extend  much  farther  north,  and  much  higher  up,  along  the  slopes  of  the 
mountains,  than  any  Chelonians.  In  the  second  place,  it  is  known  that  the  sea  Tur- 
tles, the  Chelonii  proper,  which  constitute  the  lowest  sub-order  of  the  Testudinata, 
have  a  much  wider  range  than  the  land  and  fresh-water  Turtles,  the  Amyda1.  This 
fact  is  important  in  two  different  points  of  view:  first,  as  corroborating  the  asser- 
tion, already  made  above,  that  the  lower  representatives  of  any  comprehensive  group 
have  a  wider  distribution  than  its  higher  types ;  and  secondly,  as  showing  that  the 
mediums  in  which  the  lower  types  dwell  are  frequently  different  from  those  which 
suit  the  higher  ones.  It  is  a  fact,  that  though  the  Testudinata,  as  a  whole,  have 
a  more  limited  geographical  range  than  the  other  orders  of  Reptiles,  the  sea  Turtles, 
which  are  unquestionably  the  lowest  Testudinata,  are  by  far  more  widely  diffused 
upon  the  surface  of  the  earth  than  either  the  land  or  fresh-water  Turtles.  They 
are  common  to  all  weans,  being  found  in  the  North  and  South  Atlantic  as  well 
as  in  its  warmest  waters ;  in  the  Mediterranean,  in  the  Indian  Ocean,  and  over 
the  whole  range  of  the  Pacific.  Moreover,  marine  Turtles  have  been  observed  in 
northern  latitudes,  far  beyond  the  range  of  other  Turtles;  they  arc,  indeed,  the  only 
ones  seen,  and  that  but  occasionally,  along  the  northern  shores  of  Europe  and  of 
Eastern  Asia.  It  is  not  less  characteristic,  that  these  Chelonii,  which  are  the  lowest 
of  the  Testudinata,  are  at  the  same  time  all  marine,  while  the  Amyda?,  which  con- 
stitute a  higher  sub-order,  never  live  in  the  ocean,  but  only  upon  land,  either  in 
fresh  water  or  upon  dry  land. 
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In  the  sub-order  of  Amyda?,  the  same  features  which  characterize  the  Chelonii 
obtain  again,  though  within  still  more  restricted  limits.  The  aquatic  Amyda*  have 
a  wider  range  than  the  terrestrial ;  and  while  the  lower  representatives  of  the 
sub-order  are  fluviatile,  the  higher  arc  terrestrial.  The  lowest  Amydaj,  the  Triony- 
chidaj,  have  truly  the  widest  distribution;  for  while  in  the  Old  World  they  are 
chiefly  limited  to  the  tropical  fresh  waters,  in  the  New  World  they  are  only 
found  within  the  temperate  zone  of  North  America,  extending  as  far  north  and 
as  high  in  the  mountains  as  any  other  Turtles,  indeed  much  farther  north,  and 
higher  up,  than  any  land  Turtles,  and  even  beyond  the  natural  boundaries  of  the 
Emydoida?.  The  family  of  Chelydroidas  is  already  much  more  restricted  in  its  range, 
being  limited  to  the  temperate  zone  of  the  eastern  side  of  the  North  American 
and  of  the  Asiatic  continents.  The  Chelyoidai,  on  the  contrary,  are  circumscribed 
within  the  fresh  waters  of  tropical  South  America ;  whilst  the  Cinosternoido)  extend 
over  the  temperate  parts  of  North  America,  over  Central  America,  and  over  the 
warmer  regions  of  South  America.  The  Hydraspids,  on  the  contrary,  prevail  in 
South  America,  and  extend  also  to  Southern  Asia,  to  Africa,  and  to  New  Holland. 
The  family  of  Emydoida?,  which  is,  as  it  were,  the  central  type  of  the  Amyda?, 
is  the  only  one  among  the  fresh-water  Turtles  which  has  representatives  simulta- 
neously in  North  and  South  America,  in  Europe,  in  Africa,  and  in  Asia,  though 
the  range  of  the  individual  species  is  very  limited  in  this  family  also,  much  more 
so,  indeed,  than  the  species  of  the  lower  families  of  the  aquatic  Amyda?,  or 
those  of  the  Chelonii.  The  highest  Amydse,  the  Testudinina,  or  land  Turtles,  are 
the  most  limited  in  their  range,  if  we  contrast  them  with  the  whole  number  of 
fresh-water  Testudinata,  for  they  do  not  extend  beyond  the  limits  of  the  warmer 
parts  of  the  temperate  zone,  while  the  aquatic  Aniydaj  are  not  only  found  in 
the  tropical  fresh  waters,  but  also  in  those  of  the  warm,  and  even  of  the  colder 
parts  of  the  temperate  zone.  It  may  perhaps  seem  unnatural,  that  1  should 
thus  contrast  the  Testudinina,  which  constitute  only  one  family,  with  the  many 
families  of  fresh-water  Amyda>;  but  it  is  just  the  object  of  physical  geography 
to  ascertain  what  are  the  natural  relations  between  the  physical  conditions  of  the 
surface  of  the  globe  and  the  organized  beings  which  live  upon  it 

I  shall  enter  into  more  details  respecting  the  special  distribution  of  the  North 
American  Testudinata,  after  I  have  considered  more  fully  their  generic  and  specific 
relations  to  one  another.  There  is  one  more  point,  however,  which  deserves  to  be 
noticed  in  this  connection.  The  Chelonii  proper,  which  are  the  lowest,  and  at  the 
same  time  the  only  marine  Testudinata,  are  also  the  largest  representatives  of  the 
whole  order ;  next  in  size  are  some  of  the  fresh-water  Aniyda?,  of  the  family  of  Che- 
lydroido?,  wliich  are  very  large,  as  arc  also  some  of  the  Testudinina.  The  average 
size  of  the  fresh-water  Amyda1  exceeds,  nevertheless,  that  of  the  terrestrial  oues, 
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though  the  smallest  of  nil  Testudinata  arc  fresh-water  species.  But  it  must  not 
be  forgotten,  that  these  belong  to  the  temperate  zone,  while  the  largest  land  Turtles 
are  exclusively  tropical.  Gigantic  Testudinata,  approaching  the  size  of  the  largest 
land  Quadrupeds,  are  known  among  the  fossils. 


SECTION  XVII. 

FIRST  APPEAR ANCK  OF  TESTUDINATA  UPON  OUR  GLOBE. 

Though  the  period  of  the  first  appearance  of  the  Testudinata  upon  the  surface 
of  our  globe  has  been  a  point  of  discussion  among  naturalists,  even  within  the  last 
few  years,  I  do  not  intend  to  enumerate  here  the  fossil  representatives  of  this 
order,  now  satisfactorily  known,  nor  even  to  compare  the  different  Turtles  which 
have  existed,  in  former  ages,  in  North  America,  with  those  now  living.  My 
object,  for  the  present,  is  simply  to  point  out  the  period  at  which  this  remark- 
able type  of  animals  first  made  its  appearance,  and  at  the  same  time  to  show 
how  important  critical  investigations  arc  with  reference  to  the  affinities  of  fossil 
and  living  animals,  and  how  utterly  impossible  it  is  to  arrive  at  any  general 
result  respecting  the  order  of  their  succession  in  time  without  such  a  close  and 
careful  study.  Only  five  years  ago,  Sir  Charles  Lyell  published  a  supplement  to 
the  third  edition  of  his  Manual  of  Elementary  Geology,1  intended  chiefly  to  sus- 
tain the  view  that  Reptiles  had  existed  much  longer  upon  the  surface  of  our  globe 
than  was  generally  supposed,  and  that  the  Chelonians  in  particular  could  be  traced 
back  to  the  Potsdam  sandstone,  that  is,  to  the  lowest  stratified  set  of  beds  in 
which  fossils  had  been  found  at  all.  The  identification  of  these  animal?  rested 
upon  footprints  which  had  been  examined  by  Professor  Owen,  who  published  a 
description  of  these  impressions  early  in  the  year  1851."  This  report  has  since 
gone  the  rounds  of  all  the  scientific  and  other  periodicals,  and  is  now  repeated 
in  almost  every  modern  text-book  of  Geology  and  Palaeontology,  though  Owen  him- 
self has  recognized  his  mistake,8  and  in  the  following  year  published  his  opinion,  that 


1  Lyell'*  Manual  of  Elementary  Geology.  Post- 
script lo  the  third  edition,  London,  December  10th, 
1851. 

2  Description  of  the  Impression*  on  the  Potsdam 
Sandstone,  discovered  l>y  Mr.  Logan,  in  Lower  Can- 
ada, Quarterly  .Tournnl  of  the  Geological  Society, 
London,  1851,  vol.  7,  p.  250. 

•  A  few  days  after  Professor  Owen  had  read  Ml 


first  notice  in  London,  an  abstract  of  it  was  communi- 
cated to  the  American  Association  for  the  Advance- 
ment of  Science,  during  its  meeting  at  Cincinnati, 
May,  1851,  which  led  to  a  discussion,  in  which  I  ex- 
pressed my  conviction,  based  pnrtly  on  physiological 
grounds  and  partly  on  the  examination  of  similar 
impressions,  that  they  were  the  tracks  of  some  palae- 
ozoic Crustacean,  and  not  those  of  a  Heptilc. 
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these  footprints  *  were  not  made  by  a  Chelonian  Reptile,1  nor  by  any  vertebrated 
animal."  About  the  same  time,  Captain  Lambert  Brickenden J  described  foot-tracks 
from  the  Old  red  sandstone  of  Morayshire,  which  are  also  ascribed  to  Chelonians. 
Though  I  have  not  seen  these  fossil  footprints  I  have  seen  the  impressions  left 
by  Turtles,  upon  soft  mud,  often  enough  to  feel  justified  in  saying  tliat  the  Scotch 
foot-marks  have  not  the  remotest  resemblance  to  the  footprints  of  a  Chelonian. 
These  animals,  when  walking,  stretch  the  legs  on  opposite  sides  of  the  body,  in 
a  diagonal  position  with  reference  to  the  body  itself,  so  that  the  foot-marks  of 
the  fore  foot  of  one  side  and  those  of  the  hind  foot  of  the  opposite  side,  form 
couples  which  alternate  with  the  corresponding  couples  arising  from  the  fore 
foot  and  the  hind  foot  of  the  other  side.  No  such  succession  is  observed  in  the 
footprints  described  by  Captain  Brickenden.  No  more  do  the  footprints  from 
the  Red  sandstone  near  Dumfries,  in  Scotland,  described  by  Dr.  Duncan  and  by 
Dr.  Buckland,  and  reproduced  by  the  latter  in  his  Bridgcwater  Treatise,  resemble 
foot-marks  of  Turtles. 

Long  before  the  publication  of  these  different  notices,  the  existence  of  Turtles 
in  older  geological  formations  had  been  asserted  by  Sedgwick  and  MurchLson,*  who, 
upon  the  authority  of  Cuvicr,  had  referred  to  the  genus  Trionyx  a  fragment  of 
bone  found  in  Scotland,  in  the  slates  of  Caithness,  which  belong  to  the  Old  red 
sandstone  formation.  These  remains  I  have  shown,  in  my  work  on  Fossil  Fishes,4 
to  be  those  of  a  very  remarkable  type  of  extinct  Fishes,  forming  a  distinct 
family,  the  Cephalaspidcs,  and  belonging  to  the  genus  Coccosteus,  Kutorga  has 
also  described  fragments  of  fish  bones  of  the  Old  red  sandstone,  as  belonging  to 
the  family  of  Trionyx.*  In  his  researches  on  fossil  bones,  Cuvier,  finally,  has 
referred  to  Chelonians  several  remains  from  the  Muschelkalk,  which  were  after- 
wards shown  by  Herman  von  Meyer  to  belong  to  the  genus  Nothosaurus. 

These  are,  as  far  as  I  know,  all  the  instances  in  which  the  existence  of  Turtles 
in  deposits  older  than  the  Jura  has  been  maintained.  Though  introduced  by  the 
highest  scientific  authorities,  there  is  not  one  of  these  alleged  cases  which  stands 
a  careful  criticism.     Neither  the  tracks  of  the  Potsdam  sandstone  of  Owen,  nor 


•  Description  of  the  Impressions  of  Footprint*  of 
the  Protichnilis  from  the-  Potsdam  Sandstone  of  Can- 
ada, by  Professor  Owen,  (.Quarterly  Journal  of  the 
Geological  Society  of  London.  1852,  vol.  8,  p.  214. 
The  geological  description  of  Sir  William  Logan, 
which  precede*,  p.  190.  gives  the  most  minute  account 
of  the  occurrence  of  these  fossil  footprints  in  Canada. 

4  Quarterly  Journal  of  the  Geological  Society  of 
London,  vol.  8,  p.  97. 


*  On  the  Structure  and  Relations  of  the  Deposits 
contained  between  the  Primary  Rocks,  and  the  Oolitic 
Series  in  North  Scotland,  by  A.  Sedgwick  and  R.  I. 
Murrhison,  in  the  Transactions  of  the  Geological  So- 
ciety of  London,  2d  scries,  voL  8. 

*  Monographic  des  poissons  fossilcs  du  vieux  Grc* 
Rouge,  Xeucluttel,  1844,  1  vol.  4to.  p.  22. 

*  See  the  same  Monograph,  p.  91.  These  re- 
mains belong  to  the  genus  Astcrolepis. 
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those  of  the  Old  red  of  Captain  Brickenden,  accepted  by  Lyell  and  Mantell,  nor 
those  of  the  Rev.  Dr.  Duncan,  examined  and  described  by  Dr.  Buckland,  have 
the  slightest  resemblance  to  the  tracks  of  any  living  Reptile,  while  the  bones  of 
the  Devonian  from  Caithness,  referred  to  Trionyx  by  Cuvier,  and  those  of  the 
same  formation  referred  to  the  same  genus  by  Kutorga,  are  really  Fishes,  and 
those  of  the  Triasic  period,  described  by  Cuvier,  are  Reptiles  of  another  order. 
The  first  genuine  Testudinata  known  among  the  extinct  representatives  of  the 
class  of  Reptiles,  in  past  ages,  belong  to  the  oolitic  series. 

It  is  self-evident,  that  the  geologist  who  has  neither  the  means  nor  the  inch- 
nation  to  test  critically  how  far  any  identification  of  fossils  may  be  relied  upon, 
must,  at  every  step,  be  led  to  the  strangest  conclusions.  What  would  be  the 
direct  inference,  with  respect  to  the  plan  of  creation,  to  be  drawn  from  the 
presence  of  unmistakable  Turtles  in  the  oldest  fossiliferous  rocks  ?  Of  course,  the 
conclusion  would  be  that  there  is  no  kind  of  progressive  order  in  the  successive 
appearance  of  Vertebrates  upon  the  surface  of  our  earth,  since  the  presence  of  the 
highest  Reptiles  would  appear  coeval  with  that  of  the  oldest  Fishes.  But  let  it  be 
understood  that  all  the  supposed  cases  of  the  occurrence  of  Reptiles  prior  to  the 
Jura  which  have  been  quoted  from  time  to  time,  cannot  be  relied  upon,  and  are 
evidently  mistakes,  the  whole  question  at  once  changes  its  aspect,  and  we  see 
again  an  intelligible  plan  in  the  order  in  which  organized  beings  have  successively 
made  their  appearance  upon  this  globe. 

The  following  diagram,  made,  so  far  as  it  has  been  in  my  power,  with  the 
same  critical  method  with  wliich  I  have  scrutinized  the  case  of  Turtles,  may  give  a 
more  definite  idea,  not  only  of  the  time  of  the  first  appearance  of  Testudinata,  but 
of  their  relations  to  their  predecessors,  their  contemporaries,  and  their  successors 
upon  the  earth.1  It  shows  conclusively,  that  the  four  great  branches  of  the 
animal  kingdom  have  had  simultaneously  representatives  from  the  very  beginning 
of  the  existence  of  organized  beings.  It  shows  further,  that  the  law  which 
obtains  in  the  gradation  and  successive  appearance  of  the  Radiata,  Mollusca,  and 
Articulata  is  not  the  same  as  that  of  the  Vertebrata.  For  while  the  classes  of 
the  first  three  branches  appear  all  at  the  same  time  in  the  lowest  fossiliferous 
rocks,  with  the  sole  exception  of  Insects,  there  is  a  decided  gradation  among  the 
classes  of  Vertebrata.  Among  Radiata,  we  find  simultaneously  in  the  lowest 
rocks,  Polypi  and  Echinoderms.  The  absence  of  remains  of  Acalephs  in  the 
oldest  rocks  is  no  objection  to  this  assertion,  when  we  remember  how  soft  and 


1  In  order  to  npprecinlo  fully  the  meaning  of  this 
table,  it  would  be  well,  while  considering  it  in  detail, 
to  read  section  7  of  the  first  chapter,  page  23,  and 

39 


also  sections  21-28,  from  page  93  to  123,  where  many 
points  are  considered,  which  here  are  represented 
graphically.    Conip.  also  Chap.  3,  p.  181-187. 
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perishable  their  bodies  are.  The  presence  of  well  defined  impressions  of  Medusae 
in  the  lithographic  limestone  of  Solcnhofen,  specimens  of  which  are  preserved  in 
the  Museum  of  Carlsruhe,  confirms  the  assumption  that  they  occur  everywhere, 
where  Polypi  and  Echinodenns  are  found  together.  Among  Mollusks,  Acephala, 
Gasteropoda,  and  Cephalopoda  are  always  found  in  close  association.  Among 
Articulate,  this  is  also  the  case  with  Worms  and  Crustacea;  Insects  only  appear 
at  a  somewhat  later  period.  Whilst  among  Vertebrata,  we  find  only  Fishes,  Sela- 
chians, and  Ganoids  in  the  lowest  formations;  next  Amphibians,  next  Reptiles, 
next  Birds,  and  last,  Mammalia. 


TABLE, 

TUB  PERIOD  OF  TflK  FIRST  APPEARANCE  OF  TIIE  TE8TUPIN  ATA  COMPARE!)  WITH  THAT  OF  THE 
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Miocene. 
Eocene. 

Cretaceous. 
Jurassic. 
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Devonian. 
Silurian. 

Cambrian,  or  Azoic.1 

1  The  most  natural  limit  between  the  Cambrian  zon  at  which  animaU  and  plants  make  their  first 
and  Silurian  periods  seems  to  me  to  be  the  hori-  appearance. 

The  Tsbl*  render*  it  murotdable  to  refer  notes  »,  8,  4,  and  S  to  the  opposite  page. 
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The  classes  adopted  in  this  table  are  circumscribed  according  to  the  principles 
discussed  in  the  first  part  of  this  work.*  I  have  nothing  special  to  add  with 
reference  to  the  classes  of  Radiata,  Mollusks,  and  Articulata;  but  it  may  be  proper 
to  state  here,  that  the  order  of  appearance  of  the  classes  of  Vertebrata  makes  in 
favor  of  the  subdivision  of  the  Fishes  into  four  classes.  The  Selachians,  in  par- 
ticular, differ  so  completely  from  the  ordinary  Fishes,  that  it  is  surprising  they 
have  not  long  ago  been  considered  as  a  distinct  class."  In  a  palseontological 
point  of  view,  the  early  appearance  of  the  Selachians  has  a  deep  meaning,  when 
we  consider  how  extensively  the  characters  of  the  higher  classes  of  Vertebrata 
(such  as  their  few  large  eggs,  which  recall  the  true  Reptiles  and  the  Birds,  and 
the  placental  connection  of  the  embryo  of  some  of  their  species,  which  recalls 
the  Mammalia)  are  blended  in  their  structure  with  embryonic  features,  (such  as 
their  cartilaginous  skeleton  and  their  branchial  fissures,)  whilst  the  Myzontes  are 
purely  embryonic.  The  Ganoids,  on  the  other  hand,  stand  in  a  special  prophetic 
relation  to  the  Reptiles  proper;*  and  their  extensive  reduction,  at  the  time  of  the 
first  appearance  of  the  Fishes  proper,  is  truly  significant 


*  The  period  of  the  first  appearance  of  genuine 
Fishes  is  somewhat  doubtful,  and  depends  upon  the 
appreciation  of  the  true  relations  of  the  Leptolepids. 
If  they  are  Ganoids,  as  I  consider  them,  then  the 
class' of  Fishes  proper  does  not  appear  before  the 
ureiuccous  penoa. 

8  This  is  the  period  of  the  first  appearance  of 
Testudinata;  at  a  time  when  neither  genuine  Birds 
nor  genuine  Mammalia  existed. 

*  The  presence  of  Birds  in  the  Triasic  period 
is  only  inferred  from  the  numerous  footprints  found 
in  the  Bed  sandstone  of  the  valley  of  the  Connec- 
ticut, respecting  the  true  characters  of  which  I  hove 
expressed  my  doubts  elsewhere.  As  it  is  now 
known  that  the  earliest  representatives  of  higher 
types  often  exhibit  characters  common  to  them  and 
to  lower  types,  it  seems  to  me  probable  that  the 
first  Birds  were  not  so  completely  different  from 
the  other  Vertebrates  as  the  Birds  now  living 
are.  Before  the  first  appearance  of  genuine  Birds, 
there  may  have  existed  bird-like  Vertebrates,  com- 
bining in  their  structure  Reptilian  and  Mammalian 
characters,  as  we  find  early  Keptiles  combining  Fish 
characters,  and  even  anticipating,  in  some  of  their 
features,  peculiarities  that  are  afterwards  charac- 
teristic of  Birds  and  of  Mammalia,  The  foot-marks 
of  the  Trias  suggest  such  suppositions  much  more 


readily  than  the  idea  of  a  very  close  afllnity  to  real 
Birds.  For  more  details  upon  these  tracks,  see 
Hitchcock,  (Ed.,)  An  Attempt  to  Discriminate  and 
Describe  the  Animals  that  made  the  Fossil  Foot- 
marks of  the  United  States,  etc.,  Mem.  Amer.  Acad. 
1848,  vol.  iii.  p.  128,  and  Deane,  (James,)  Illustra- 
tions of  Fossil  Footprints  of  the  Valley  of  the  Con- 
necticut, Mem.  Amer.  Acad.,  1849,  vol.  iv.,  p.  204. 
No  Bird  remains  are  known  from  the  Jura. 

'  The  presence,  in  the  Jurassic  period,  of  remains 
belonging  apparently  to  the  class  of  Mammalia,  has 
long  been  known.  But  Owen  for  the  first  time 
set  forth  their  true  relations,  in  a  paper  published 
in  the  Transactions  of  the  Geological  Society  of 
London,  2d  series,  vol.  vL  Whether  Microlestes  of 
the  Trias,  described  by  Plieninger,  belongs  to  the 
same  type,  is  still  questionable.  If  it  is  a  Didel- 
phian,  it  would  carry  this  sub-class  one  period  lower 
down.  It  is  curious,  that  nothing  like  them  has  thus 
far  been  found  in  the  Cretaceous  formation.  So 
the  age  of  Mammalia  proper  begins  with  the  Eocene 
period,  unless  some  recently  described  Cetaceans 
truly  belong  to  the  Cretaceous  period. 

•  See  Part  I.,  Ch.  2,  p.  145,  and  Ch.  8,  p.  183. 
'  Aristotle  alludes  here  and  there  to  the  Sela- 
chians in  contradistinction  to  the  Fishes  proper. 

•  Comp.  Part  L,  p.  116  to  118. 
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SECTION  XVIII. 

SUB-ORDEKS  OF  TESTUDINATA. 

The  Sub-Order  of  Sea-Turtles  —  Cheloxii,  Opp.1  The  sea  is  the  home  of  these  ani- 
mals. They  swim  freely,  and  sustain  themselves  in  the  water  for  any  length  of 
time  without  seeking  the  bottom  or  the  shore  for  support  or  rest.  They  never  go 
on  land,  except  to  lay  their  eggs,  and  then  proceed  only  a  short  distance  from  the 
shore,  moving  slowly  and  in  a  very  constrained  way.  They  swim  almost  entirely 
by  means  of  the  front  limbs;  the  other  pair  act  independently,  and  arc  chiefly 
useful  in  aiding  to  balance  the  body  and  guide  the  general  course.  The  fore- 
arm and  hand  form  a  sort  of  paddle,  or  rather  a  wing.  These  two  wings  are 
raised  together,  and  also  strike  downward  simultaneously;  but  the  blow  is  not  exactly 
vertical,  the  wings  being  carried  forward  as  they  rise,  and  approaching  the  breast 
when  brought  down.  They  descend  farther  below  the  body  than  they  rise  above 
it,  and  their  motion  is  very  similar  to  that  of  a  Bird's  wings;  indeed,  the  animal 
may  be  said  to  fly  through  the  water.  On  land,  these  animals  still  move  the 
front  limbs  together,  carrying  them  forward,  throwing  the  weight  of  the  body  upon 
the  elbows  or  thereabouts,  and  then  pulling  the  whole  toward  them. 

The  peculiar  flying  locomotion  of  this  sul>-order  affects  the  general  symmetry 
of  the  body  very  essentially  in  two  ways:  first,  it  mokes  it  necessary  that  the 
bulk  of  the  body  should  be  carried  forward  near  the  wings,  otherwise  the  animal 
could  not  control  it;  secondly,  the  force  necessary  to  propel  the  wings  requires 
a  large  muscular  apparatus,  and  this  takes  much  room,  so  that  the  fore  part  of 
the  body  (dividing  the  whole  crosswise  into  two  parts  of  equal  lengths)  far  out- 
weiglis  the  hind  part,  being  in  bulk  in  the  proportion  of  two  to  one ;  the  fore  part 
is  broad  and  high,  the  hind  part  descending  and  narrowing  gradually.  The  humerus 
is  very  short,  and  the  extensive  surface  of  the  wing  arises  principally  from  the 
blade,  which  is  formed  of  the  forearm  and  hand.  This  blade  is  long,  broad,  and 
thick  at  the  base,  thin  along  the  inner  margin,  and  pointed  at  the  outer  end; 
it  is  turned  back  at  the  elbow,  and  cannot  be  brought  out  in  a  line  with  the 
humerus,  though  it  is  capable  of  moving  towards  it  and  uway  from  it  through  a 
long  arc.  The  force  and  general  direction  of  the  blow  is  given  by  the  muscles 
of  the  shoulder;  but  the  surface  presented  is  determined  in  a  great  measure  by 
the  rotation  at  the   elbow,  at  the  wrist,  and  within   the   hand,  the  blade  being 

1  Thia  sub-order  was  first  recognized  and  cliar-  809.  Compare  also  Sect.  2,  p.  241,  where  the  syno- 
actcrized  by  Oppel,  in  the  work  quoted  below,  p.      nymes  of  the  aub-order*  are  given,  and  PL  L-VL 
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turned,  now  edgewise,  now  flatwise,  to  the  resisting  medium.  The  fore-arm  is  short; 
the  radius  is  carried  down  and  back  under  the  ulna,  and  the  inner  side  of  the 
hand  carried  down  with  the  radius.  By  this  peculiar  arrangement,  the  flat  surface 
of  the  hand  is  more  directly  presented  to  the  resistance  of  the  water  in  the 
downward  and  backward  flying  blow.  The  fingers  add  the  greater  part  to  the 
length  of  the  blade;  they  are  very  long,  stiff,  and  fixed  in  their  respective  places, 
their  only  movement  consisting  in  a  slight  accommodation  to  the  turning  of  the 
whole  blade.  The  muscles  and  skin  form  one  continuous  surface  over  the  fingers, 
excepting  the  last  joint  of  one  or  two  of  them,  which,  sometimes  at  least,  pro- 
trudes, and  has  its  protruding  surface  covered  with  a  nail  The  coracoid  process  is 
very  long;  the  other  bones  of  the  shoulder  apparatus  short  and  stout  It  is 
necessary  to  the  flying  locomotion  of  this  sub-order  that  the  wings  should  have  a 
free  sweep  by  the  front  end  of  the  body,  and  that  nothing  should  hinder  them 
in  rising  and  descending  or  moving  backward  and  forward ;  hence  the  shield 
cannot  project  forward  above  or  below,  and  the  humerus  carries  the  elbow,  in  all 
its  positions,  beyond  it  Again,  as  the  humerus  is  so  short,  and  the  blade  so 
long,  the  front  limbs  cannot  be  brought  round  before  the  body;  but,  when  at  rest, 
the  blades  hang  down,  or  are  placed  beside  or  upon  the  outer  edges.  Although 
the  front  limbs  are  the  principal  locomotive  organs  and  are  essentially  wings 
in  all  their  operations,  there  is  yet  one  marked  structural  difference  between 
them  and  the  wings  of  a  Bird ;  for  with  the  Turtles  the  humerus  reaches 
forward,  and  the  forearm  and  hand  are  turned  backward  in  one  line  from  the 
elbow,  whereas  with  the  Bird,  the  humerus  reaches  backward,  the  forearm  for- 
ward, and  the  hand  again  backward,  the  main  surface  of  the  wing  being  in  the 
angle  of  the  forearm  and  hand,  instead  of  being,  as  in  Turtles,  in  the  angle  of 
the  humerus  and  the  limb  below.  The  pelvis  and  hind  legs  are  very  small.  The 
legs,  as  was  said  above,  do  not  move  together  with  the  wings,  and  they  take  little 
part  in  locomotion  beyond  aiding  to  balance  and  guide  the  body.  The  femur 
and  leg  are  short,  and  the  toes  also  short,  compared  with  the  fingers,  but  they 
form  the  greater  part  of  the  whole  blade  below  the  knee.  The  leg  and  foot 
are  formed  into  a  paddle,  much  smaller  than  the  blade  of  the  front  limbs,  and 
broadest  near  the  outer  end.  Below  the  knee,  this  blade  is  generally  turned  back- 
wards ;  but  it  moves  through  a  long  arc  back  and  forth,  and  may  even  be  brought 
out  upon  a  line,  or  nearly  on  a  line,  with  the  femur.  The  paddles  often  Htrike 
directly  downwards,  so  that  the  plastron  cannot  extend  under  them,  and  is  very 
small  under  the  pelvis. 

The  neck  is  short  and  little  flexible,  so  that  the  head  is  not  withdrawn  under 
the  curapace  ;  instead  of  this,  it  is  protected  by  a  very  large  development  of  the 
post-frontal,  parietal,  jugal,  and  mastoid  bones,  making  a  bony  arch  over  the  whole 
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head  back  of  the  eyes,  and  projecting  somewhat  over  the  neck,  entirely  covering 
the  temporal  muscles  above.  Thus  neither  head  nor  limbs  can  be  withdrawn 
into  the  shield,  and  the  front  linibs  cannot  even  be  brought  round  before  the 
body,  but  they  can  all  be  drawn  back  somewhat  So  the  method  of  protect- 
ing the  extremities  and  the  head,  which  is  so  fully  developed  in  the  other  sub- 
order, and  is  so  characteristic  of  the  order,  is  here  but  just  begun.  The  shield 
itself  is  here  much  less  developed  than  in  the  other  sub-order.  In  one  family, 
the  Sphargidida?,  it  is  little  more  than  a  broad  girdle,  encircling  the  thorax  and 
abdomen;  its  bony  part  does  not  rest  upon  the  ribs,  and  has  no  marginal 
rim.  In  the  other  family,  the  Chelonioida?,  the  shield  is  somewhat  larger,  cover- 
ing the  pelvic  region  above;  but  still  the  front  limbs,  including  the  shoulders,  are 
free  and  exposed,  and  so  also  are  the  hind  limbs  below,  including  the  hips. 
Although  the  bony  derm  rests  upon  the  ribs,  their  union  never  becomes  so  inti- 
mate as  in  the  other  sub-order,  and  the  plastron  is  but  imperfectly  ossified  and 
rather  loosely  connected  with  the  carapace.  Thus  we  find  the  most  prominent 
characteristic  features  of  the  order  least  developed  in  this  sub-order;  and  if  we 
add  to  this  the  habitat,  the  mode  of  locomotion,  the  paddle-like  structure  of  the 
limbs,  the  reduced  state  of  the  hind  pair,  the  want  of  specialization  in  the  neck 
vertebra),  and  the  unsymmetrical  relations  of  the  two  ends  of  the  body,  we  can- 
not hesitate  to  consider  this  group  as  the  lowest  of  the  Turtles,  and  to  recog- 
nize a  kind  of  gradation  in  rank  between  *them  and  the  Amyda).  But  here, 
in  this  lowest  group,  where  the  characters  of  the  order  are  least  prominent,  we 
find  features  of  form  and  structure  which  remind  us  of  animals  higher  in  the 
series,  and  belonging  to  another  class.  The  mode  of  locomotion,  the  form  and 
structure  of  the  locomotive  apparatus,  the  great  preponderance  of  the  fore  part 
of  the  body,  the  bill-like  jaws,  the  overlapping  of  the  scales  in  some,  as  in 
Penguins,  are  all  characters  which  belong  to  the  class  of  Birds,  and  are  there 
only  carried  out  to  their  fullest  development 

The  Sub-Order  of  Fresh-uxder  and  Land  Turtles — Amydjr,  Opp}  The  habitat  is 
various.  Some  species  spend  nearly  all  their  life  in  the  water,  some  live  partly 
under  water  and  partly  on  dry  land,  and  some  entirely  on  dry  land;  yet  none 
are  entirely  aquatic,  none  remain  for  any  great  length  of  time  in  the  water  with- 
out seeking  the  bottom,  nor  can  they  swim  unsupported  for  a  long  distance.  When 
in  the  water,  they  remain  usually  at  the  bottom,  either  at  rest  or  moving  along 
over  it  They  seldom  swim  freely,  except  when  they  rise  to  the  surface  or  descend 
to  the  bottom    So,  in  fact,  they  dwell  principally  upon  land,  sometimes  under  the 

1  Like  the  sub-order  of  Chelonii,  that  of  Aniydie  pel,  in  his  classical  paper,  Die  Ordnungen,  Familien, 
also  wu  first  recognized  and  characterized  by  Op-      u.  Gattungeu  der  Reptilien,  Milnchen,  1811, 1  vol.  4to. 


Digitized  by  Google 


Chap.  L 


SUB-ORDERS. 


311 


water,  and  sometimes  in  the  open  air.  The  difference  between  these  two  conditions 
does  not  acquire  much  importance  with  reference  to  the  characters  of  the  sub-order, 
as  will  be  seen  from  the  fact  that,  in  the  family  of  Emydoidae,  one  genus  at  least 
never  goes  into  the  water,  while  several  genera  live  the  greater  part  of  the  time  in 
water,  and  there  is  a  series  of  intermediates.  These  differences  affect  the  structure 
and  symmetry  in  a  smaller  degree,  and  are  not  to  be  compared  in  importance  with 
those  which  distinguish  the  sub-orders;  they  do  not  essentially  alter  the  mode  of 
progression. 

The  locomotion  is  entirely  different  from  that  of  the  sea  Turtles.  It  no  longer 
takes  place  by  a  flying,  but  by  a  walking  motion;  the  weight  is  not  thrown 
upon  the  front  limbs,  but  is  almost  equally  supported  by  both  pairs ;  the  front  pair 
are  not  carried  up  together,  and  then  brought  down  simultaneously,  but  they  alter- 
nate with  one  another,  as  do  also  the  hind  pair;  the  front  legs  of  one  side 
move  with  the  hind  legs  of  the  other  side,  so  that  the  two  pairs  act  in  concert; 
further,  they  move  back  and  forth  below  the  carapace,  in  a  diagonal  plane 
between  the  perpendicular  and  the  horizontal  diameter  of  the  body.  The  two 
pairs  are  nearly  equally  developed,  as  also  are  the  pelvis,  and  shoulder  apparatus. 
As  the  bulk  of  the  body  is  no  longer  thrown  upon  the  front  limbs,  and  as  the 
muscular  apparatus  of  the  two  pairs  occupies  about  equal  space,  there  is  no  such 
contrast  between  the  two  ends  of  the  body  as  exists  in  sea  Turtles.  This 
mode  of  progression,  and  the  consequent  symmetry,  allow  greater  development  of 
the  bony  shield  than  can  take  place  with  the  other  sub-order.  As  the  fore  limbs 
are  not  raised  high  up,  when  moving,  the  carapace  may  be  extended  forward 
without  interfering,  and  as  they  are  not  brought  far  down  crosswise  over  the  body 
toward  one  another,  the  plastron  may  be  broad  between  them.  The  carapace  is 
always  broad  above  the  pelvis,  and  covers  all  that  part  of  the  body,  and  the  hind 
legs,  when  they  are  at  rest;  the  plastron  is  sometimes  broad  under  the  pelvis 
and  the  hind  legs. 

The  limbs  are  never  reduced  to  paddles  or  wings ;  the  feet  are  always  distinct 
from  the  legs;  the  articulations  at  the  wrist  and  ankle  joints  allow  distinct  move- 
ments, and  not  merely  a  kind  of  yielding  to  the  turning  of  the  whole  limb,  below 
the  elbow,  as  with  the  sea  Turtles.  In  the  feet  of  this  sub-order,  the  toes  never 
have  the  great  length  which  distinguishes  them  in  the  wings  and  paddles  of  sea 
Turtles.  When  the  foot  is  adapted  to  walking  on  dry  land,  the  toes  are  shortr 
ened,  and  the  whole  concentrated,  and  their  joint  with  the  leg  above  is  rather 
stiffened ;  when  it  is  more  adapted  to  swimming,  there  is  greater  freedom  of 
motion  at  the  wrists  and  ankles,  and  between  all  the  bones  of  the  feet  below; 
the  phalanges  are  prolonged,  and  the  toes  joined  by  a  broad  web,  capable  of 
being  spread  far  apart  and  closed  together.     When  the  blow  is  struck,  a  broad, 
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webbed  surface  is  presented  to  the  water,  and  when  the  foot  is  withdrawn  for 
another  blow,  the  web  is  folded ;  —  a  very  different  way  of  controlling  the  surface 
presented  to  the  resistance  of  the  water  from  the  turning  of  a  stiff  blade,  now 
edgewise,  now  flatwise,  which  takes  place  with  the  sea  Turtles.  The  limbs,  thus 
jointed  and  proportioned,  can  always  be  withdrawn  under  the  carapace,  the  front 
pair  before,  and  the  hind  pair  behind,  the  main  bulk  of  the  body;  the  neck 
is  always  retractile  enough  to  allow  the  head  to  be  withdrawn  partially,  and 
generally  completely,  within  the  shield ;  and  we  nowhere  find  the  temporal  muscles 
protected  by  such  a  very  broad  bony  arch  as  exists  in  the  sea  Turtles. 

Here,  then,  those  features  which  are  most  peculiarly  characteristic  of  the  order 
of  Turtles,  namely,  the  protection  of  the  body  by  the  shield,  and  the  withdrawing 
into  the  shield  of  the  head  and  neck,  and  limbs  and  tail,  are  most  fully  devel- 
oped. This  sub-order  occupies  clearly  a  higher  rank  than  the  other;  the  equilibrium 
of  the  body,  the  higher  development  of  the  limbs,  the  cooperation  of  both  pairs 
in  the  progression,  the  greater  specialization  of  the  neck  vertebrae  allowing  the 
head  to  be  withdrawn  under  the  carapace,  the  nature  of  the  habitat,  and  the 
higher  degree  to  which  the  characters  of  the  order  are  carried,  —  all  these  features 
assign  to  the  Aniydaa  a  rank  superior  to  that  of  the  sea  Turtle*  In  this  higher 
group,  the  Bird  characters,  which  are  so  prominent  in  the  sea  Turtles,  yield  to 
the  characters  of  a  higher  class.  The  equal  development  of  the  two  pairs  of 
limbs,  their  full  cooperation,  the  walking  locomotion,  the  elevation  of  the  body 
free  from  the  ground  while  walking  which  takes  place  with  most  of  them,  and 
the  general  symmetry  of  the  body,  are  characters  which  remind  us  of  the  class 
of  Mammals.  And  the  analogy  is  the  more  striking  when  we  remember  that  this 
Is  the  first  instance,  in  the  series  of  Vertebrata,  of  real  walking,  unless  the  running 
of  some  toads  be  considered  as  such ;  for  the  Salamanders,  the  Lizards,  and  the  Croc- 
odiles move  partly  by  means  of  the  vertebral  column  bending  and  carrying  the 
legs  forward,  now  on  one  side  and  now  on  the  other.  These  Mammalian  charac- 
ters may  be  not  so  striking  here  as  the  Bird  characters  are  with  the  other  group, 
for  the  class  of  Reptiles  is  further  removed  from  that  of  Mammals  than  the 
Birds;  still  the  analogy  is  too  complete  and  too  clear  to  be  accidental,  or  to  be 
passed  over  in  silence.  One  marked  difference  between  the  locomotion  of  these 
Turtles  and  that  of  Mammals  is,  that  in  the  former  the  knee  and  elbow  joints 
open  in  the  same  direction,  whereas  in  Mammals  they  bend  in  directions  opposite 
to  one  another. 

The  characters  of  the  Chelonii  and  Amydai  show  these  two  groups  to  be 
sub-orders,  and  neither  families  nor  orders  proper,  as  they  partake  of  the  features 
of  orders,  without  extending  to  the  whole  structure  of  all  the  different  systems 
of  their  organization. 
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SECTION  XIX. 

CONCLUSIONS. 

I  have  attempted  in  the  preceding  sections  to  illustrate,  so  far  as  it  was  in 
my  power,  the  characters  of  the  order  of  Testudinata,  more  with  the  view  of 
ascertaining  what  arc  ordinal  characters,  than  in  the  hope  of  drawing  a  complete 
picture  of  the  whole  order.  Consulting  the  leading  works  upon  this  suhject,  I 
have  found  that  all  original  investigators  agree  in  presenting,  as  characteristic  of 
this  type,  the  same  kind  of  characters  as  I  have  mentioned  above,  and  nearly  in 
the  same  way,  though  perhaps  they  have  not  aimed  so  directly,  and  with  the 
same  care,  as  I  have  done,  at  admitting  only  such  anatomical  features  as  are 
truly  characteristic  of  the  whole  order,  and  excluding  every  feature  which  occurs 
in  other  representatives  of  the  class.  If  I  have  succeeded  in  this  attempt,  and  if 
the  characters  presented  above  are  truly  those  of  the  order  of  Testudinata,  it  follows 
that  ordinal  characters  are  essentially  anatomical  characters,  and  not  what  are 
commonly  called  zoological  characters.  They  are  borrowed  from  the  peculiar  com- 
plication of  the  anatomical  structure  of  the  class  of  Reptiles,  so  that  this  type 
furnishes  direct  evidence  of  the  correctness  of  the  definition  of  orders  given  in 
the  first  part  of  this  work,1  where  it  is  stated  that  orders  are  natural  groups, 
characterized  by  the  degree  of  complication  of  their  structure.  It  follows,  there- 
fore, that,  to  characterize  orders  correctly,  we  must  compare  their  anatomical  struc- 
ture with  that  of  the  other  orders  of  the  same  class,  as  I  have  done  above,' 
and  that,  by  this  comparison,  we  ascertain  the  relative  rank  of  this  kind  of  natural 
groups;  whereas  in  characterizing  families,  we  consider  the  structure  with  reference 
to  the  form  of  the  animal ;  and  in  characterizing  classes,  we  illustrate,  in  a  general 
manner,  the  ways  in  which,  and  the  means  by  which,  the  plan  of  their  respective 
branches  is  executed. 

The  characters  of  classes,  like  those  of  orders,  are  anatomical;  but  in  charac- 
terizing a  class,  we  consider  the  nature  of  the  different  systems  of  organs  which 
constitute  their  living  frame,  we  investigate  the  relations  of  their  systems  of  organs 
to  one  another,  their  respective  functions,  etc.,  and  not  the  various  degrees  of 
complication  which  they  may  exhibit  in  these  combinations,  for  such  complications 
constitute  ordinal  characters.  If  this  is  correct,  and  true  to  nature,  it  follows 
further,  that  such  a  distinction  as  is  often  made  in  Natural  History,  between 

1  See  Part  I.,  Chap.  2,  Sect.  8,  p.  150.  •  See  Tart  II.,  Chap.  L,  Sect  3,  p.  252. 
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anatomical  and  zoological  characters,  is  not  correct,  in  the  sense  in  which  it  is 
generally  understood ;  but  that  so-called  anatomical  characters  are  either  characters 
of  the  classes  or  of  the  orders,  and,  to  some  extent  also,  of  the  families,  while  the 
so-culled  zoological  characters  arc  more  properly  generic  or  specific  characters,  and 
the  features  generally  considered  in  what  is  now  called  Philosophical  Anatomy,  and 
in  Morphology,  are  mostly  characters  of  the  great  types  or  branches  of  the  animal 
kingdom.  The  separation  of  Comparative  Anatomy  from  Zoology,  as  a  distinct 
branch  of  science,  is  therefore  only  justifiable  in  so  far  as  the  proper  meaning 
of  those  peculiarities  of  the  structure  of  animals  which  characterize  classes  or 
orders,  or  families  or  genera,  have  not  yet  been  satisfactorily  ascertained  ;  but  I 
look  forward  to  the  time  when  the  more  comprehensive  groups  of  the  animal 
kingdom  shall  be  illustrated  in  our  zoological  works  with  that  fulness  of  struc- 
tural illustrations  which  is  now  generally  supposed  to  belong  to  anatomical  works 
only,  and  with  that  searching  care  which  alone  can  insure  a  proper  discrimination 
between  organic  features  of  different  kinds. 

Such  a  method  will,  in  due  time,  relieve  our  science  of  all  the  exaggerations 
respecting  homologies,  with  which  it  has  of  late  been  incumbered.  As  soon  as  it 
is  understood,  that  the  great  branches  of  the  annual  kingdom  are  characterized  by 
different  plans  of  structure,  and  not  by  peculiar  structures,  we  shall  have  fewer  of 
those  unsuccessful  attempts  to  force  every  peculiarity  of  every  type  into  a  dia- 
gram, by  which,  renouncing  almost  entirely  the  study  of  the  wonderful  combina- 
tions of  thought  which  are  manifested  in  the  endless  diversity  of  living  beings, 
authors  substitute  for  them  a  dead  formula  of  their  own  makiug.  Having  once 
understood,  for  instance,  what  constitutes  the  peculiar  plan  of  Vertebrates,  we  shall 
be  prepared  to  find  it  executed  in  a  variety  of  ways  and  with  innumerable  com- 
plications, and  we  shall  no  longer  try  to  force  the  framework  of  a  Fish  into  a  Pro- 
crustean bed,  to  which  we  may  reduce  at  the  same  time  all  other  Vertebrates,  with 
Man.  When  the  axis  of  the  body  consists  of  a  simple  dorsal  cord,  we  shall  be 
willing  to  acknowledge  that  it  is  not  to  be  considered  as  an  articulated  backbone; 
when  the  skull-box  consists  of  a  continuous  cartilage,  that  it  is  not  to  be  artificially 
divided  into  isolated  parts ;  and,  when  there  are  no  limbs  at  all,  we  shall  not 
assume  that  they  exist  potentially  in  the  same  degree  of  complication  as  in  animals 
more  favorably  endowed.  And,  let  it  not  be  supposed,  that  such  a  sobriety  of 
views  excludes  general  comparisons;  it  only  withdraws  them  from  the  field  of 
fancy  to  the  rich  field  of  life. 

Suppose,  for  a  moment,  that  we  should  attempt  to  homologize  the  different 
parts  of  the  solid  shield  of  a  Turtle  with  the  complicated  system  of  muscles  which 
intervene  between  the  ribs  and  the  skin  in  the  trunk  of  other  Vertebrates,  or 
assume,  perhaps,  that  the  few  scales  which  cover  their  back  arc  to  be  considered 
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as  arising  from  the  confluence  of  the  innumerable  hairs  or  feathers  which  cover 
the  backs  of  Birds  or  Mammalia,  —  would  this  not  be  doing,  for  the  muscular 
system  or  for  the  external  coverings,  what  is  now  doing,  on  so  broad  a  scale,  for 
every  Isolated  point  of  ossification  in  the  skeleton?  Let  us  rather  be  satisfied 
to  recognize  the  fact,  that  Vertebrates  have  a  plan  of  their  own;  that  this  plan  is 
carried  out  in  one  way  for  Fishes,  in  another  for  Reptiles,  in  yet  another  for  Birds, 
and  again  in  another  for  Mammalia.  It  is  true,  grand  traits  of  resemblance  pre- 
vail through  all,  showing  that  the  same  thought  is  variously  expressed  in  these 
different  classes,  and  that  this  thought  has  found  utterance  in  an  endless  diversity 
of  distinct  beings;  but  this  resemblance  lies  chiefly  in  the  unity  of  the  conception, 
and  not  in  the  similarity  of  the  execution.  The  various  complications  introduced 
in  this  execution  constitute  the  typical  peculiarities  of  the  orders,  while  the  forms 
in  which  they  are  inclosed  constitute  the  typical  peculiarities  of  the  families,  and 
the  finish  of  the  execution  constitutes  the  typical  peculiarities  of  the  genera,  while 
the  relations  to  one  another,  and  to  the  surrounding  world,  of  the  living  individ- 
uals in  which  these  thoughts  are  manifested,  generation  after  generation,  constitute 
the  typical  peculiarities  of  the  species.  Then,  and  then  only,  shall  we  grasp 
at  the  same  time  the  grandeur  of  the  conception  of  the  plan  according  to 
which  the  animal  kingdom  is  framed  without  losing  sight  of  the  admirable  com- 
plication of  its  execution,  and  the  infinite  variety  of  conditions  under  which  life 
is  maintained. 

There  is  hardly  any  other  type  in  the  whole  animal  kingdom,  in  which  the 
direct  intervention  of  thought,  as  the  first  cause  of  its  characteristic  features,  can  be 
so  fully  and  so  easily  illustrated  as  in  the  order  of  Testudinata.  In  the  first  place, 
these  animals  are  so  pecidiar  in  their  form  and  in  their  structure,  that  they  strike, 
at  first  sight,  every  observer  as  belonging  almost  to  another  creation.  They  have 
been  represented  as  inverted  Vcrtcbrata ;  and  the  peculiarity  in  the  position  and 
connection  of  their  limbs  has  been  so  magnified,  even  to  the  rank  of  a  class  charac- 
ter, that  very  special  conditions  would  seem  necessary  to  their  existence;  and  yet 
they  are  so  extensively  scattered  upon  the  whole  surface  of  the  globe,  among  other 
animals  of  entirely  different  fonn  and  structure,  upon  land,  in  the  fresh  waters,  and 
in  the  ocean,  that,  unless  it  can  be  shown  that,  besides  its  known  properties,  matter 
possesses  also  a  turtle-making  property,  it  must  be  granted  that  there  are  special 
thoughts  expressed  both  in  their  structure  and  in  their  forms,  and  that  the  plan  to 
which  they  belong,  notwithstanding  their  striking  differences,  must  have  been  devised 
and  executed  by  a  thinking  being.  In  the  next  place,  the  different  representa- 
tives of  this  order  are  allied  to  one  another  in  such  a  manner,  that  every  feat- 
ure of  their  organization  appears  to  have  been  minutely  considered ;  for,  while 
some  of  their  genera  are  closely  linked,  and  constitute  extensive  families  with 
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numerous  species,  other  families  are  small,  and  their  representatives  more  remotely 
allied  and  fewer  in  numher;  and,  while  some  are  limited  in  their  range,  others  have 
the  widest  distribution,  so  much  so  indeed,  that  even  those  peculiarities  of  their 
existence  which  may  seem  the  most  trifling  appear  to  have  been  devised  with 
the  same  thoughtfulness  and  the  same  providential  care  as  their  most  important 
general  characteristics.  It  is,  however,  in  the  mode  of  their  embryonic  develop- 
ment, that  Turtles  show,  most  directly,  the  thoughtful  connection  which  may  be 
traced  among  all  their  peculiarities.  For,  while  the  young  embryo  Turtle  exhibits, 
at  some  period  of  its  life,  the  closest  resemblance  to  other  Reptiles,  and  while  still 
younger,  even  to  other  Vertebrota,  as  soon  as  its  Turtle  characters  begin  to  appear, 
nothing  can  be  more  surprising,  or  more  attractive  to  watch,  than  the  manner  in 
which  the  peculiarities  of  the  Amydae  and  Chelonii  proper,  and  those  of  their 
different  families,  are  successively  blended  and  specialized  in  the  periodicity  of  their 
exhibition,  in  their  prevalence,  in  their  transformation,  and  in  their  final  growth. 
It  seems  almost  as  if  we  were  allowed  to  penetrate  into  the  sanctum  of  the  great 
Artist,  and  could  behold  him  so  combining  his  thoughts  as  to  produce  a  variety 
of  master-works,  in  this  case  all  representing  the  same  idea,  but  each  in  a  pecul- 
iar way,  and  at  last  endowing  them  with  life  for  ages  to  come. 

The  nature  of  these  combinations,  as  characterizing  the  different  families  of 
Tcstudinata,  will  be  illusf rated  in  the  following  chapter. 


CHAPTER  SECOND. 

THE  FAMILIES  OF  TESTU  DIN  AT  A. 


SECTION  I. 


GENERAL  REMARKS  ITON  FAMILIES. 


For  many  years  past,  naturalists  have  extensively  indulged  in  the  practice  of 
separating,  as  natural  divisions,  any  group  of  genera,  or  even  single  genera,  which 
appeared  to  differ  strikingly  from  other  genera,  and  of  calling  such  divisions, 
families,  without  apparently  caring  to  ascertain  upon  what  characteristics  they 
were  founded ;  nay,  frequently  without  even  assigning  to  them  any  characters  at 
all,  remaining  for  the  most  part  satisfied  with  naming  such  families.1  It  is,  how- 
ever, not  enough  to  select  some  prominent  genus,  and  give  to  it  a  patronymic 
ending,  in  order  to  establish  the  right  of  any  natural  group  to  be  considered  as 
a  family.  The  result  of  this  practice,  as  it  now  lies  before  us,  has  been  to 
incumber  the  nomenclature  of  Zoology  with  innumerable  names  ending  in  idee 
or  intc.  For,  regardless  of  every  question  of  priority,  the  names  of  families  and 
sub-families  should  end  in  that  way,  according  to  certain  writers. 

As  no  advantage  can  be  derived,  from  such  a  method,  to  the  real  advance- 
ment of  science,  I  have  proceeded  upon  an  entirely  different  plan  in  this  work. 
After  a  most  minute  and  careful  comparison  of  all  the  Testudinata  I  could  obtain, 
and  having  made  myself  familiar,  as  far  as  I  could,  with  all  their  features,  I 
have  arranged  them,  according  to  their  different  degrees  of  relationship,  into  as 
many  natural  groups  as  I  could  recognize,  and  then  only  attempted  to  find  out 

1  Naturalist*  who  in  no  way  deserve  this  impa-  tioaing  names.  A  mere  glance  at  my  u  Nomen- 
taiion  will  pardon  me  if,  to  avoid  useless  personal-  clator  Zoologicus"  will  show  to  what  extent  this 
hies,  I  allude  to  the  prevailing  evil,  without  men-      method  of  making  families  has  been  carried. 
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what  was  the  real  value  of  all  these  divisions.  Trusting,  in  a  measure,  to  the 
principles  discussed  in  the  second  chapter  of  the  first  part  of  this  work,  I  soon 
ascertained  which  of  them  exhihit  generic  characters,  and  which  were  to  be  con- 
sidered as  families.  I  may  well  add,  that  I  had  also  the  gratification  of  finding 
that  the  natural  groups,  which  I  had  thus  practically  circumscribed,  afforded  new  and 
additional  evidence  of  the  correctness  of  the  general  principles  ascertained  before 
by  a  more  extensive  study  of  other  classes.  This  direct  confirmation  of  the  gen- 
eral views  there  expressed  shows  plainly  that  these  principles  are  likely  to  be  of 
immediate  practical  use  in  the  special  investigation  of  any  type  of  the  animal 
kingdom,  and  may  particularly  assist  zoologists  in  finding  out  the  prominent  char- 
acters of  any  kind  of  natural  groups  of  animals. 

In  the  following  pages,  I  have  attempted  to  show  how,  according  to  these 
principles,  families  ought  to  be  characterized.  It  will  be  seen,  I  hope,  that,  though 
it  is  easy  to  acquire  satisfactory  evidence  that  families  are  distinguished  one  from 
the  other  by  distinct  forms,  it  requires  the  most  careful  comparison  to  discover 
what  are  the  structural  elements  which  constitute  these  different  patterns.  And  if 
this  be  so,  it  must  be  obvious,  that  such  investigations  necessarily  lead  to  inter- 
esting results  respecting  the  meaning  of  the  structural  differences  which  distinguish 
them.  For  my  own  part,  I  have  already  satisfied  myself  that  in  this  way  much 
can  be  learned  of  the  habits  of  animals,  the  mode  of  life  being  in  direct  rela- 
tion to  the  form  of  the  animal.  More  than  once  already  has  the  direct  obser- 
vation of  the  habits  of  our  Turtles  confirmed  what  the  study  of  their  form  had 
at  first  only  led  me  to  suspect. 

The  essential  elements  of  the  form  of  Testudinata,  as  far  as  the  body  is  con- 
cerned, arc,  first,  the  curve  of  the  back,  following  the  line  of  the  vertebral  column, 
and  its  relation  to  a  similar  line  along  the  middle  of  the  lower  surface;  secondly, 
the  outline  of  the  outer  edge  of  the  shield,  in  its  relation  to  the  height  of  the 
carapace,  and  the  depth  of  the  lower  part  of  the  body;  thirdly,  the  connection 
of  the  upper  and  the  lower  surface  of  the  body,  as  determined  by  the  lateral 
curves  of  the  carapace  and  the  plastron ;  fourthly,  the  outline  of  the  plastron  in 
connection  with  the  openings  through  which  the  head,  the  limbs,  and  the  tail  are 
protruded  between  the  upper  and  the  lower  parts  of  the  shield;  fifthly,  the  rela- 
tion of  the  bulk  of  the  body  with  reference  to  the  longitudinal  axis.  Next  to 
these  elements,  the  form  of  the  neck  and  head  affords  excellent  characters,  as 
well  as  the  form  of  the  limbs,  the  relations  of  the  front  and  hind  pair,  the 
articulation  of  their  joints,  and  especially  the  form  of  the  feet,  the  mode  of  con- 
nection of  the  toes,  and  the  manner  in  which  they  act  upon  the  medium  of 
resistance  when  the  animal  is  in  motion. 

It  has  already  been  stated  above,  that  though  orders  form  necessarily  progres- 
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sive  scries  as  they  are  characterized  by  the  degrees  of  complication  of  their 
structure,  other  kinds  of  groups  may  stand  higher  or  lower,  when  compared  with 
one  another.1  This  is  strikingly  the  case  with  the  families  of  Testudinata,  between 
which  there  is  a  marked  gradation.  Their  respective  standing  is  even  so  easily 
ascertained,  that,  ever  since  these  animals  have  been  divided  into  families,  all  her- 
petologists  have  arranged  them  in  the  same  progressive  series,  beginning  with  the 
marine  Turtles  as  the  lowest,  and  ending  with  the  land  Turtles  as  the  highest, 
while  they  all  assign  to  the  fresh-water  Turtles  an  intermediate  position  between 
the  two  other  groups.  It  is  true,  as  far  as  the  marine  Turtles,  on  one  hand, 
and  the  land  and  fresh-water  families,  on  the  other  hand,  are  concerned,  the 
relative  position  of  these  two  groups  is  determined  by  structural  features,  which 
constitute  sub-orders;  but  the  gradation  of  the  families  is  not  limited  to  the 
relative  standing  thus  assigned  to  them,  for  even  the  families  of  the  Chelonii, 
and  those  of  the  Amyda?,  stand  higher  or  lower  among  themselves ;  and  within 
these  narrower  limits  the  gradation  is  no  longer  determined  by  the  complication 
of  their  structure,  but  chiefly  by  peculiarities  in  those  features  which  essentially 
characterize  the  families,  namely,  the  forms.  Chelonii,  compared  with  Amydae,  have 
lower  forms ;  the  form  of  the  Sphargidida?  is  made  up  of  elements  of  an  inferior 
order  to  that  of  the  Chelonioida) ;  the  form  of  the  Trionychidaj  is  simpler  in 
its  essential  elements  than  that  of  the  Chelyoida?,  or  that  of  the  Chelydroida? 
and  of  the  Cinosternoida?,  in  which  last  three  families  are  preserved  through  life, 
elements  of  fonn  which  recall  the  characteristic  features  of  the  Chelonii,  but 
which  mostly  disappear  in  the  first  years  of  life  in  the  Emydoidae.  In  many 
respects  the  form  of  the  Emydoida?  approximates  already  that  of  the  Testudinina, 
to  which  the  highest  rank  undoubtedly  belongs,  on  account  of  the  higher  sym- 
metry of  the  body. 

Thus  progressive  scries  of  the  families  of  Testudinata,  as  far  as  it  is  based 
upon  their  form,  is  not  inferred  simply  from  a  vague  estimate  of  the  gradation 
of  these  forms,  as  they  appear  in  the  adult,  but  rests  upon  a  direct  comparison 
of  the  metamorphoses  of  the  young,  all  of  which  undergo  most  remarkable 
changes  in  their  form.  These  changes  are  the  more  instructive,  as  they  consti- 
tute a  connected  series,  when  they  are  compared  at  certain  stages  of  the  growth 
in  different  families,  and  yet  they  lead,  in  the  end,  in  .each  family,  to  the 
development  of  a  typical  pattern  characteristic  of  the  family.  Starting  from  a 
common  type  at  an  early  embryonic  period,  the  form  is  gradually  modified  to 
a  certain  degree,  in  one  family,  before  it  assumes  its  typical  characters;  in  another 
family  the  same   primitive  type  diverges  in  another  direction,  and  then  assumes 

1  See  Part  I.,  Chap.  2.  Sect.  3,  p.  152-154. 
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its  typical  characters ;  while  in  a  third  family  the  progress  leads  in  a  still  different 
direction,  and  ends  in  another  typical  form ;  etc.  And  yet,  in  no  one  instance,  can 
these  characteristic  patterns  be  considered  merely  as  resulting  from  an  arrest  in  the 
development  of  one  continuous  scries.  On  the  contrary,  they  ore  evidently  mod- 
ifications of  one  fundamental  idea,  expressed  in  various  combinations  of  forms,  which 
ore  so  linked  together,  that  it  is  only  by  an  abstraction  on  our  part  that  their 
connection  may  be  ascertained,  as  it  is  only  to  an  abstract  conception  that  their 
origin  and  their  combinations  can  be  referred.  If  this  be  so,  —  and  the  sequel 
will,  I  trust,  furnish  satisfactory  evidence  that  this  is  the  only  true  view  of  the 
case, —  it  follows,  that  the  different  patterns  which  characterize  the  different  families 
of  Testudinata  were  devised,  as  the  forms  in  which  the  structure  of  these  animals 
were  to  be  clothed,  before  they  were  called  into  existence.  The  various  relations 
and  the  close  connection  which  exist  between  these  forms  show  further  that  their 
combinations  were  so  considered  beforehand,  that  when  brought  into  existence 
they  should  constitute  not  only  a  regular  series,  but  also  a  perfect  system.  In 
other  words,  the  very  outline  of  these  animals,  humble  and  low  as  they  are, 
proclaims  as  loudly  as  the  grandest  features  of  nature,  the  direct  intervention  of 
a  thinking  Mind  in  their  creation. 


SECTION  II. 

THE  FAMILY  OF  SPHARGIDID^. 

The  genus  Sphargis,  which  alone  constitutes  this  family,  is  now  generally 
referred  to  the  family  of  Chelonioidaj  by  modern  herpctologists,  though  for  some 
tune  it  has  been  considered  as  a  distinct  family1  by  the  ablest  zoologists.     In  a 


1  It  is  a  fact  worth  noticing,  that  no  modern  her- 
pctologist  has  maintained  the  family  of  Sphargidida', 
though  it  wm,  at  flr»t,  generally  adopted  as  a  natural 
group.  This  is,  no  doubt,  owing  to  the  looseness  of 
the  views  now  prevailing  respecting  classification. 
In  similar  cases,  the  objection  is  constantly  urged,  that 
a  distinction  is  not  necessary  because  the  genera  are 
so  few.  It  may  be  useless,  it  is  true,  if  it  leads  to 
nothing  beyond  the  introduction  of  a  new  name  into 
the  system  ;  but  if  the  distinction  is  based  upon  an 
accurate  knowledge  of  the  real  standing  of  any  sin- 
gle species  exhibiting  genuine  family  characters,  then 


it  must  be  adopted,  not  because  it  may  appear  con- 
venient, but  because  it  exUt*  in  nature.  I  trust  I 
shall  show  that  this  is  the  case  with  SphargU.  The 
first  author  who  distinguished  this  genus  from  the 
other  Chelonii,  as  a  family,  is  J.  E.  Gray,  who  calls 
it  Sphargidie,  (Ann.  of  Philos.  1825,)  though  I  think 
it  ought  to  be  written  Spiiaroidid.t ,  in  accordance 
with  its  etymology.  Th.  Bell  adopted  it  in  1828, 
(Zool.  Journ.  Vol.  3,)  and  so  does  Fitzingcr  in  his  last 
work,  (Syst.  Rept.  1843,)  changing,  however,  the  name 
to  Dermatochki  yh  t  ;  but  since  1844  Gray  unites 
it  again  with  the  Chelonioid*.    Canino  considers  it 
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theoretical  point  of  view,  it  is  of  the  utmost  importance  to  know  that  an  iso- 
lated genus  may  constitute  a  distinct  family,  because  such  a  fact  shows  how  futile 
and  artificial  the  efforts  of  tlwsc  naturalists  must  be,  who  aim  at  establishing  the 
utmost  equality  between  groups  of  the  same  kind.  Here  we  have  a  natural  fam- 
ily, not  only  with  a  single  genus,  but  perhaps  with  a  single  species,  or,  at  the 
utmost,  numbering  two  or  three  species,  while  there  are  other  families,  in  which  the 
genera  may  be  counted  by  tens,  and  the  species  by  hundreds. 

The  form  of  the  Sphargidida?  may  be  compared  to  a  flattened  cone  with  angu- 
lar sides,  to  which  are  appended  in  front  a  large  head  with  a  pair  of  larger 
naked  paddles,  and  behind,  a  smaller  pair  of  very  broad  rudders. 

The  body  is  broadest  about  the  arch  of  the  second  pair  of  ribs,  where  the 
carapace  and  plastron  first  unite,  and  narrows  gradually  from  thence  backwards 
to  near  the  arch  of  the  seventh  pair  of  ribs,  where  the  union  of  the  carapace 
and  plastron  ends.  The  portion  of  the  vertebral  column  which  is  fixed  descends 
gently  from  the  neck  to  the  sacrum  Thus,  that  part  of  the  body  which  is 
entirely  encircled  by  the  shield  forms  a  truncated  cone  with  its  base  turned 
forward.  This  cone  is  the  more  symmetrical,  because  the  body  is  deep  below 
the  plane  of  its  outer  edge  and  not  so  extensively  flattened  as  in  most  Turtles, 
but  tapering  downward,  so  that  the  median  horizontal  flat  surface  of  the  plas- 
tron is  quite  small.  The  shield  fits  close  to  the  body  above  and  below,  and 
assumes  the  same  conical  form.  The  carapace,  after  passing  over  the  thoracic 
and  abdominal  regions  and  separating  from  the  plastron,  suddenly  grows  narrow 
much  faster,  leaving  the  hind  legs  almost  entirely  exposed,  but  covering  the 
sacrum  with  a  narrow  arch,  and  coming  to  a  point  over  the  tail.  In  front  also, 
from  its  union  with  the  plastron  forward,  the  carapace  narrows  fast,  but  its  front 
end  is  truncated;  the  margin  of  the  sides  and  end  of  this  narrowed  part,  which 
is  turned  rather  sharply  downward,  are  deeply  concave,  leaving  the  shoulders 
and  neck  much  exposed.  The  plastron  narrows  constantly  from  where  it  first 
unites  with  the  carapace  to  where  it  again  separates  from  it,  then  narrowing  still 
faster  it  comes  to  a  point  under  the  pelvis,  leaving  the  hind  legs  and  tail 
entirely  exposed  from  below.  It  reaches  forward,  between  the  front  limbs,  but  a 
short  distance,  and  is  there  much  narrowed;  the  front  end  of  this  narrowed 
part  is  nearly  straight,  but  the  sides  are  concave.    Thus,  the  hard  dermal  shield  1 


a  sub-family  under  the  name  of  SriiARC.iPiNA  (S«ggio 
An.  Vert.  1831.)  The  name  of  Sphargidie  having 
the  priority  an  a  family  name,  though  it  is  now  re- 
jected by  iu  own  author,  there  arises  an  interesting 
question  of  nomenclature  in  this  case,  respecting  the 

41 


authority  under  which  it  shall  be  quoted  henceforth. 
My  opinion  U,  that,  in  spite  of  Gray  himself,  it  should 
be  referred  to  »-  Spuargididx,  Gray;  notwith- 
standing even  the  alteration  in  the  spelling. 
1  See  Chap.  1,  Sect  5,  p.  2G3. 
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is  here  little  more  than  a  broad  girdle  encircling  the  thorax  and  abdomen.  The 
carapace  has  no  sharp  distinct  marginal  rum  but  curves  round  over  the  outer 
edge  and  meets  the  plastron  somewhat  under  the  body;  this  curved  outer  edge 
rises  constantly  backwards. 

The  carapace  is  strengthened  by  several  longitudinal  ridges,  the  most  prominent 
of  which  is  along  the  middle  of  the  back;  it  is  low  and  small  at  the  front  end, 
but  grows  liigher  and  broader  backward,  until  just  over  the  sacrum  it  includes 
the  whole  width  of  the  carapace,  thence  it  lowers  to  the  hind  end,  making  this 
narrow,  unsupported  part  of  the  shield  much  firmer  than  it  would  be  if  it  was 
flat  on  each  side.  Beginning  at  the  angle  of  the  truncated  front  end  is  another 
ridge,  highest  at  the  front  end  and  diminishing  backward,  no  that  near  the  front 
end  the  two  together  render  the  top  of  the  body  nearly  flat;  but  over  the  pelvis 
they  cliange  the  curve  of  the  surface  but  little.  There  are  two  more  pairs  of 
ridges  outside,  but  they  are  quite  small  and  the  lowest  one  little  more  than  a 
row  of  bony  nodules.  The  dermal  shield,  as  in  all  Turtles,  rest*  upon  the  vertebral 
column  of  the  tltoracic  and  abdominal  regions,  upon  the  ribs,  upon  the  L-olated 
true  bone  alwve  the  lower  neck  vertebras,  and  upon  the  true  hones  of  the  ster- 
num. Over  all  these  is  wrapped  a  thick  layer  of  coarse  fibrous  corium.1  In  the 
carapace,  this  fibrous  corium  is  protected  and  stiffened  by  an  overlying  sheet  of 
bony  pavement  This  pavement1  nowhere  rests  upon  or  touches  the  true  skele- 
ton; it  is  perfectly  continuous,  without  any  other  suture  than  those  of*  its  pave- 
nient-like  structure,  and  without  intervals  above  the  ends  of  the  ribs.  Tins  bony 
sheet  curves  with  the  carapace  at  its  lower  edge,  but  does  not  extend  over  the 
plastron.  The  ridges  of  the  carapace,  spoken  of  alsive,  are  made  by  angle*  in 
this  sheet,  filled  up  below  by  an  increased  thickness  of  the  corium,  but  the  lower 
surface  of  the  latter  has  no  corresponding  depressions.  Along  each  of  the  ridges 
is  a  row  of  nodules.  In  the  plastron,  the  thick  layer  of  fibrous  corium  is  not  at 
all  protected  by  a  bony  sheet,  and  has  no  bony  derm,  excepting  some  rows  of 
nodules;  these  rows  are  somewhat  irregular,  but.  there  are,  in  general,  five  of 
them,  a  double  one  along  the  middle,  and  two  single  ones  mi  each  side.  The 
corium  is  supported  on  its  inner  surface  by  the  true  bones  of  the  sternum,  of 
which  there  are  four  pairs ;  these  are  long,  narrow,  and  arranged  in  a  contin- 
uous row,  encircling  the  flattened,  horizontal  surface.  The  foremost  pair  meet 
between  the  fore  legs,  and  at  their  meeting  are  broad  and  strong;  they  spread 
apart  backward,  and  overlap  the  outside  of  the  second  pair;  the  latter  send  out 
a  process  behind  each  shoulder ;  the  second  and  third  pairs  extend  the  whole 
length  of  that  part  of  the  plastron  which  spreads  entirely  across  the  body,  and 

»  See  Chap.  1,  Sect.  4  and  5,  p.  25G  and  263.  ■  See  CUp.  I,  Sect,  A,  p.  264. 
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the  fourth  pair  meet  at  their  hind  end*  under  the  pelvis.  So  we  have  an 
irregular  ellipse  of  true  bone,  narrowed  backward.  This  ring  does  not  touch  the 
ribs.  The  rilw  are  broad  and  flat,  firmly  supported  and  kept  in  position  by 
the  coriuin  resting  upon  them.  The  first  pair  is  free  from  the  second,  and  so 
is  the  tenth  from  the  ninth.  The  ninth  extends  back  by  the  side  of  the  pelvis, 
and  thus  strengthens  the  narrow  end  of  the  carapace.  The  specimen  examined 
has  only  some  of  the  neck  vertebra}  preserved,  among  which  is  the  last;  this 
has  very  little  motion  at  the  joint  with  the  first  dorsal  vertebra.  There  are 
no  scales  on  any  part  of  the  skin;  at  least,  there  arc  none  on  the  skin  of  the 
only  genus  thus  far  known  to  belong  to  this  family. 

The  skeleton  is  light;  the  shield  narrow  and  small  in  proportion  to  the  size  of 
the  animal,  and  so  placed  with  reference  to  the  limbs  as  to  be  as  little  cum- 
bersome as  possible ;  the  surrounding  thick  layer  of  curium  is  filled  with  fat ;  the 
body  is  rounded,  and  the  wings  and  paddles  are  large  and  free.  These  characters 
seem  to  indicate  that  the  animal  travels  far  and  fiist  This  assumption  would  cer- 
taiidy  !>e  justified,  if  it  can  be  shown,  as  I  shall  attempt  to  do,1  that  the  speci- 
mens of  Sphargis  coriacea,  observed  in  Europe,  had  travelled  across  the  Atlantic 
from  the  coasts  of  North  America. 

The  head  is  high,  short,  and  very  broad  at  the  liind  end.  As  in  the  other 
members  of  the  sul>-order  of  Chelouii,  the  parietal,  postfrontal,  jugal,  temporal,  and 
mastoid  bones  are  so  extended  as  to  form  one  continuous  bony  roof  over  the 
whole  head  back  of  the  eyes,  protecting  the  temporal  muscles,  and  projecting 
somewhat  back  over  the  first  neck  vertebra?.  Iu  Sphargididro  the  parietal  bones 
are  almost  exclusively  devoted  to  the  formation  of  that  arch,  as  they  enlarge  the 
cavity  of  the  brain-box  only  by  a  depression  in  their  thickness,  and  a  sulcus  formed 
by  two  low  ridges,  and  do  not  reach  down  to  the  floor  of  the  skull,  the  upper 
occipital  !>one  extending  entirely  across  the  brain-box  under  them.  The  temporal 
bones  are  small,  and  reach  outwnrd,  so  as  to  mid  rather  breadth  thau  length  to 
the  bony  arch,  thus  making  more  room  for  the  temporal  muscles.  The  lower 
edge  of  the  temporal  and  jugal  bones,  at  their  meeting,  is  deeply  concave,  thus 
allowing  a  broader  attachment  of  the  muscles  for  the  lower  jaw,  and  leaving 
them  here  pomewhnt  exposed.  The  floor  of  the  skull  is  carried  far  forward,  con- 
siderably beyond  the  end  of  the  roof.  The  prefrontals  do  not  extend  beyond 
the  fioutalf,  but  the  froui  edges  of  both  make  the  front  end  of  the  top  of  the 
skull ;  the  roof  formed  by  them  does  not  extend  mora  than  half  way  over  the 
nasal  cavity.  The  os  quadratum  descends  low  down,  and  carries  the  articulation 
of  the  jaws  far  below  the  general  level  of  the  floor  of  the  skull     The  outer 
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surface  of  the  intermaxillaries  retreats  backward  from  its  upper  to  its  lower  edge; 
their  inner  edges  separate  about  half  way  down  from  the  nasal  opening,  and  slant 
outward  to  the  suture  with  the  maxillarics,  so  that  a  deep,  angular  depression 
is  included  by  their  lower  edges;  the  maxillarics  too  have  a  deep  depression  near 
the  suture  with  the  intermaxillaries,  so  that  near  this  suture  the  alveolar  margin 
forms  a  long,  sharp,  tooth-like  projection.  The  alveolar  margin  of  the  upper  jaw 
is  sharp  all  round,  except  the  lateral  notches  in  front,  which  have  a  rounded  edge. 
The  horizontal  part  of  the  alveolar  surface  is  narrow,  forming  a  mere  ridge  at  the 
front  part,  but  it  grows  wider  backwards.  At  the  front  end  it  rises  steeply  and 
high  up.  The  palatines  do  not  project  over  the  vomer  so  as  to  form  a  broad 
roof  below  the  palate  proper,  as  in  the  Chelonioida?,  and  on  that  account  the 
passages  from  the  nasal  cavity  to  the  mouth  open  directly  downward.  For  the 
same  reason,  the  fleshy  part  of  the  tongue,  which  cluses  these  openings  when 
the  animal  is  breathing,  is  placed  further  forward  than  in  tbe  Chelonioida?.  Tbe 
lower  jaw  is  thin,  and  its  margin  sharp;  iU  front  end  terminates  in  a  sharp, 
strong,  prominent  point. 

The  size  is  greater  than  that  of  any  other  family  of  the  order.  I  have 
seen  specimens  weighing  over  a  ton.  It  remains  to  be  ascertained  whether  this 
family  is  carnivorous,  as  the  form  of  the  jaws  seems  to  indicate.  Though  I  have 
seen  several  specimens  upon  the  coasts  of  Florida,  I  could  learn  nothing  respect 
ing  their  habits.  Like  the  Chelonioida?,  they  lay  a  large  number  of  eggs,  as  I 
infer  from  the  condition  of  the  ovary;  but  I  have  never  seen  mature  eggs. 


SECTION  III. 

THE  FAMILY  OF  CHELONIOIDA. 

The  family  of  Chelonioida'  was  first  distinguished  by  J.  E.  Gray,  and  has  been 
adopted  by  all  modern  herpetologists,  though  not  exactly  with  the  same  limits  which 
were  first  assigned  to  it,  since  it  is  now  generally  made  to  embrace  also  the 
Sphargidida?.1     But,  as  we  have  already  Been  that  the  Sphargididaj  constitute  a 


1  Willi  this  wider  extension,  the  Chelonioida'  of 
modern  writers  answer  exactly  to  the  sub-order  of 
Chelonii,  Opp.,  or  to  the  family  of  Cnrettoide*  of  Fit- 
zinger,  (Ncuc  Classif.,  etc.,  1820.)  See  above,  p.  242. 
But,  as  characterized  here,  thin  family  i*  strictly  cir- 
cumscribed within  tho  same  limits  which  Gray  at 


first  aligned  to  it,  (Ann.  of  Philos.,  1825.)  It  cor- 
responds also  exactly  to  the  sub-family  Chelonina 
of  Cnnino,  (Sugg.  An.  Vert.  1831,)  and  to  the  genus 
Caretta  of  Mcrrera,  which  is  identical  with  the  genus 
Chelonia  of  Wagler,  of  Dumeril  and  Uibron,  and  of 
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distinct  family,  the  limits  of  the  Chelonioidro  are  again  circumscribed,  as  they 
were  at  first 

The  form  of  the  Chelonioidas  is  that  of  a  heart  flattened  on  one  side,  from 
the  broad  end  of  which  projects  a  large  head  upon  a  thick  neck,  and  from  the 
widening  side  of  which  protrude,  in  front,  a  pair  of  large,  flat,  wing-like,  scaly 
flappers,  and  below  the  narrow  part  of  which  hang  another  pair  of  broad,  short, 
scaly  rudders.  As  illustrations  of  the  prominent  features  of  this  family,  see  sev- 
eral attitudes  of  the  Loggerhead  Turtle  in  PI.  6. 

The  body  is  not,  as  in  Sphargidida?,  broadest  about  the  arch  of  the  second  pair 
of  ribs,  where  the  carapace  and  plastron  first  meet  to  encircle  it,  but  continues 
to  widen  from  the  front  end  to  about  midway,  and  thence  narrows  to  a  point 
behind ;  while  the  vertebral  column  descends  constantly  and  gently  along  the  whole 
thoracic,  abdominal,  and  pelvic  regions  to  the  taiL  The  carapace  is  a  roof 
slanting  down  on  either  side  from  the  vertebral  column,  and  thus  it  continues  over 
the  pelvis  as  well  as  along  the  thoracic  and  abdominal  regions,  and  terminates 
behind  the  sacrum,  by  the  meeting  at  a  point  of  the  outer  edges  aud  the  middle 
line ;  the  only  deviation  of  its  outline  in  passing  from  the  abdominal  to  the  pel- 
vic region  being  a  slight  elevation  of  the  lower  edge  above  the  hind  legs.  The 
carapace  is  bordered  all  round  by  a  distinct  marginal  rim;  about  the  front  end 
this  rim  is  turned  downwards,  but  shortly  behind  the  beginning  of  the  union  with 
the  plastron  it  flares  outward,  and  so  continues  to  the  hind  end.  In  consequence 
of  this  peculiar  form  of  the  marginal  rim,  the  shoulders  are  much  more  protected 
than  in  the  Sphargidida? ;  its  width  adds  still  more  to  the  protection  of  the  hind 
limbs.  The  plastron  is  joined  to  the  carapace  from  near  the  arch  of  the  second  to 
between  the  arches  of  the  sixth  and  seventh  pairs  of  ribs.  The  plastron  and  the 
carapace  meet  at  a  sharp  angle,  the  plastron  descending  but  little  below  the  level 
of  the  outer  edges.  The  plastron,  like  the  carapace,  grows  broad  to  about  midway 
of  the  body,  and  narrows  thence  backward ;  it  underlies  a  very  large  part  of  the 
lower  surface.  The  opening  about  its  hind  end,  for  the  protrusion  of  the  limbs 
and  tail,  is  smaller  and  more  under  the  body  than  in  the  Sphargidida?.  Thus  the 
shield,  —  instead  of  having,  as  in  Sphargidida?,  a  conical  form  wrapped  closely  around 
the  thorax  and  abdomen,  and  growing  narrow  backward  in  passing  over  those 
regions,  then  narrowing  still  much  faster  to  pass  over  the  pelvis,  —  presents  here  an 
extended  roof-like  carapace,  with  the  outer  edge  sharply  defined,  flattened  upon  the 
sides,  broadest  about  midway,  protecting  above  the  whole  body  from  one  end  to 
the  other,  aud  a  plastron  which  descends  but  little  below  the  outer  edges. 

The  shield,  having  a  form  widely  different  from  that  of  the  Shargidida?,  needs 
also  a  different  structure  and  different  means  of  support  Instead  of  a  con- 
tinuous layer  of  fibrous  corium  protected  above  by  a  thin  bony  sheet,  we  have 
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hero  both  carapace  and  plastron  composed  chiefly  of  bony  plates  resting  immediately 
upon,  and  finnly  fixed  to  the  true  skeleton,  and  united  to  one  another.  The  only 
part  of  the  carapace  which  remains  unossified  up  to  adult  ago  is  a  narrow  strip 
along  the  ribs  near  their  lower  ends,  just  above  the  ossified  marginal  rim,  and 
extending  all  roimd  except  at  each  end,  where  a  bony  plate  is  inteqmscd.  All 
the  ribs,  except  the  first  and  tenth,  reach  down  to  the  marginal  rim.  The  eight 
other  ribs  Iiave  each  a  bony  plate  extending  from  the  inner  end  outward  ;  but 
these  bony  plates  do  not  reach  the  bony  marginal  rim,  or  if  at  all,  not  till  late  in 
life.  The  first  rib  reste  on  the  sninc  plate  with  the  second,  and  so  also  the  tenth 
with  the  ninth.  Between  the  inner  cuds  of  each  pair  of  costal  plates,  al>ove  the 
vertebral  column,  and  firmly  fixed  to  it,  there  is  a  small  plate  filling  the  whole 
space ;  the  number  of  these  plates  varies  somewhat,  as  one  or  more  of  the  hinder 
ones  is  often  divided.  In  front,  an  odd  plate  extends  from  the  foremost  plate  of 
the  vertebral  row,  and  from  between  the  foremost  pair  of  costals  to  the  front  end 
of  the  carai>oce,  thus  entering  into  the  marginal  rim,  and  connecting  it  with  tho 
bony  derm  above.  This  plate  does  not  touch  immediately  any  rib  or  vertebra,  but 
is  connected  with  the  isolated  true  bone  situated  alwvo  the  lower  neck  vertebra?, 
and  the  connection  is  so  intimate  that  they  can  liordly  be  distinguished  apart 
The  ninth  pair  of  ribs  reaches  almost  directly  backward,  passing  over  the  iliac  bones, 
and  giving  support  to  the  narrow,  pointed  hind  end  of  the  body.  Wedged  between 
the  plates  which  are  fixed  to  these  ribs,  aud  behind  the  last  of  the  plates  which 
are  fixed  to  the  vertebra,  there  is  one  Ijnng  over  the  sacrum,  but  free  from  it; 
sutured  to  this  there  is  another  J>chind,  and  sutured  to  tho  latter  still  another, 
which  lost  enters  into  the  marginal  rim  and  terminates  it  behind.  The  plates  of 
the  marginal  rim  are  in  one  continuous  row  all  round,  consisting  generally  of 
eleven  pairs 1  )>esides  the  odd  one  at  each  end ;  two  of  these  pairs  are  in  advance 
of  the  first  costals.  Tho  costal  plates  are  firmly  fixed  to  the  ribs  and  sutured  to 
one  another,  and  those  of  the  vertebral  row  are  finnly  united  to  one  another  and 
to  the  costals,  and  thoso  which  are  fixed  to  tho  vertebra  are  firmly  soldered  to 
them ;  the  marginal  plates,  passing  along  the  ends  of  the  ribs,  connect  them  with 
one  another,  and  they  are  themselves  connected  with  the  bony  derm  above  by 
the  odd  plates  at  the  ends  of  the  carapace.  Thus  we  have  a  combination  of 
bony  denu  with  the  vertebra  and  ribs  which  is  well  adapted  to  give  strength 
and  stability  to  the  broad,  roof-like  carapace. 

The  plastron  is  connected  with  the  carapace  at  the  lower  edge  of  tho  mar- 
ginal run  by  unossified  coriuui,  and  is  somewhat  movable  or  rather  yielding  there, 
as  it  also  is  along  its  middle  lino  for  the  greater  part  of  ito  length.    Iu  Sphar- 
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gididre,  the  plastron  narrows  continually  backward  from  where  it  ia  Aret  joined  to 
the  carapace;  it  in  firmly  wedged  in  between  the  curved  edges  of  the  carapace, 
and  connate  of  a  thick,  stiff  sheet  of  unowriAed  fibroin*  corium,  and  strengthened 
only  by  a  ring  of  bones  of  the  true  skeleton.  In  Chelonioidao,  however,  as  the 
plastron  spreads  out  broader  at  the  middle,  as  it  meets  the  carapace  at  a  sharp 
angle,  as  it  is  connected  with  it  by  flexible  corium,  and  as  it  i»  •somewhat  flexible 
within  iteelf,  it  also  needs  a  different  structure.  It  is  made  up  partly  of  unosrified 
corium,  and  partly  of  plates  composed  of  true  kmc  and  of  bony  derm.  These  plates 
form  by  Air  the  larger  part  of  the  whole,  and  sometimes  nearly  the  whole  plastron. 
The  two  kinds  of  bone  are  so  united  M  to  be  hardly  distinguishable  ;  wa  shall 
therefore  speak  of  the  plates  without  refereuce  to  their  composition.  There  are  nine 
of  them,  four  pairs  and  one  odd  one.  The  first  pair  is  situated  between  the  front 
limbs;  they  meet  in  front  and  spread  apart  backward,  and  overlap  the  outride  of 
the  front  edges  of  the  next  pair,  which  are  here  turned  forward;  at  their  ends, 
where  they  meet,  they  are  broad  and  strong,  but  grow  slender  backward.  Joined 
to  the  hind  edges  of  tliis  pair,  and  reaching  back  somewhat  between  the  inner 
edges  of  the  second  pair,  is  the  odd  plate;  it  is  inteqiosed  against  the  front  pair 
at  their  union,  and  prevents  the  formation  of  a  hinge  in  that  end  of  the  plastron. 
These  three  plates,  thus  united,  make  a  broad,  firm  support  for  the  should.. t  appa- 
ratus. The  second  and  third  pairs  reach  across  from  one  edge  of  the  carapace 
to  the  other.  These  two  pairs  are  sutured  to  one  another,  and  together  they 
make  up  much  the  largest  part  of  the  plastron ;  their  outer  edges  are  connected 
with  the  marginal  rim  by  unossiAed  corium,  and  their  inner  edges  with  one 
another  in  the  same  way,  but  they  approach  the  marginal  rim  and  one  another 
by  spine-like  processes  reaching  out  from  near  the  fore  end  of  the  second  and 
the  hind  end  of  the  tliird  pair.  The  fourth  pair  underlie  the  pelvis  and  meet 
behind  it ;  they  are  long  ami  slender,  extending  more  backward  than  inward,  and 
are  joined,  l>efore,  to  the  tliird  pair. 

In  this  family,  then,  the  dermal  shield  is  much  more  extended  and  mora  bony 
than  in  the  Sphargididre ;  the  wings  and  paddles  are  more  covered  by  the  shield 
and  less  free,  and  the  body  is  more  flattened  upon  the  sides  mid  below.  These 
characters  seem  to  indicate  that  the  auimal  is  less  capable  of  powerful  and  long- 
continued  flight 

The  shield  is  everywhere  covered  with  epidermal  scales.  These  scales  are 
largest  upon  the  carapace,  where  there  is  one  median  row  along  the  vertebral 
column,  and  one  on  each  side  above  the  costal  plates,  besides  the  row  which 
protects  the  marginal  rim ;  the  foremost  of  these  is  an  odd,  short,  but  very  broad 
scale ;  the  hindmost,  on  the  contrary,  form  one  pair.  Upon  the  plastron  there  is  a 
double  row  of  larger  scales  in  the  middle,  and  a  row  of  smaller  ones  on  each  side 
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upon  its  junction  with  the  carapace.  On  the  free  skin,  the  epidermis  is  also  formed 
into  a  kind  of  scales ;  but  upon  the  wings  and  paddles  the  scales  become  stiff  and 
hard,  and  they  are  larger  along  their  inner  and  outer  edges,  as  they  are  also  where 
the  skin  fits  close  to  the  hones  of  the  head.  The  scales  on  the  inner  edge  of 
the  paddles  recall  the  large  feathers  of  the  wings  of  hirds  by  their  arrangement 
and  their  elongated  form.  The  central  scale  upon  the  skull  is  the  largest  The 
horny  sheath  of  the  bill  is  very  strong. 

As  in  Sphargidida?,  the  jugal,  parietal,  postfrontah  temporal,  and  mastoid  bones 
of  the  Chelonioidaj  unite  to  make  a  bony  covering  over  the  whole  head  back  of  the 
eyes,  protecting  the  temporal  muscles  and  the  brain-box,  and  projecting  even  bock 
over  the  first  neck  vertebras ;  but  hero  the  parietal  bones  are  not  so  exclusively 
devoted  to  this  office  as  in  the  Sphargididaj,  for  they  reach  down  to  the  floor  of 
the  skull,  and  add  to  the  length  of  the  brain-box  in  front  The  temporal  bones  do 
not,  as  in  the  Sphargidida},  add  to  the  width  of  the  head,  but  reach  directly  forward 
and  so  bring  the  bony  arch  further  down  over  the  attachment  of  the  temporal  mus- 
cles to  the  lower  jaw.  The  prefrontals  meet  before  the  frontals,  and  so  carry  the 
top  of  the  skull  further  over  the  nasal  region.  The  alveolar  margin  of  the  upper 
jaw  has  not  the  deep  depressions  or  the  sharp,  tooth-like  projections  observed  in 
Shargididae.  The  horizontal  alveolar  surface  is  very  broad  all  round  the  upper 
jaw,  and  the  palatines  project  inward  from  the  suture  with  the  maxillaries,  unit- 
ing, together  with  the  end  of  the  vomer  and  the  alveolar  surface,  to  make  a 
very  broad  roof  below  the  palate  proper.  The  passages  from  the  nasal  cavity 
necessarily  descend  very  obliquely  over  this  roof,  to  open  into  the  mouth  behind 
it  The  lower  jaw  is  very  thick,  especially  at  the  symphysis,  and  its  alveolar  sur- 
face is  brood.  The  neck  moves  somewhat  up  and  down  upon  the  first  dorsal  ver- 
tebra, and  the  head  may  be  drawn  back  so  as  to  reach  the  carapace,  but  it  can- 
not be  withdrawn  under  it 

The  size  of  the  members  of  this  family  is  very  great,  much  greater  than  the 
average  size  of  the  Amyda?,  though  they  do  not  grow  so  large  as  the  Sphar- 
gidida). The  food  of  most  of  them  is  known  to  consist  of  aquatic  plants,  sea- 
weeds, and  the  like.  Like  all  the  herbivorous  animals,  the  Chelonioidae  are  shy 
and  inoffensive ;  they  do  not  bite,  even  when  liard  pressed,  but  strike  with  their 
powerful  flappers,  and  try  to  make  their  escape  by  increased  speed.  The  North 
American  Chelonioidas  lay  their  eggs  towards  the  end  of  May  or  in  the  beginning 
of  June.  They  lay  a  large  number  of  them,  about  one  hundred  at  a  time,  and 
even  more,  which  they  deposit  on  shore,  in  the  dry  sand.  These  eggs  are  not 
very  large  in  comparison  to  the  size  of  the  animal,  and  not  perfectly  spherical, 
their  orbicular  outline  being  more  or  less  irregular.  I  have  no  reason  to  trust 
the  reports  that  they  lay  eggs  more  than  once  in  a  year. 
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SECTION  IV. 

THE  FAMILY  OF  TRIONYCilID.fi. 

This  family  was  first  distinguished  by  J.  R  Gray,  and  afterwards  adopted  by 
Bell,  Fitzinger,  Wiegnmn,  Canino,  and  Dume'ril  and  Bibron,  while  Wagler  unites  it 
with  the  other  fresh-water  Turtles.1 

The  form  of  the  Trionychidso  resembles  a  flat  orbicular  disc,  slightly  elongated, 
with  a  long,  pointed  head  projecting  upon  a  long,  slender  neck,  and  two  pairs  of 
limbs,  one  before  and  the  other  behind,  with  broad,  webbed  feet  moving  hori- 
zontally. 

The  body  is  low,  flattened,  and  spread  out  wide.  The  upper  surface  nowhere 
arches  high  above  the  outer  edge,  either  crosswise  or  lengthwise.  The  middle  line 
above,  along  the  dorsal  vertebral  column,  or  rather  the  cord  of  its  slightly  curved 
arc,  is  very  nearly  parallel  to  the  flat  lower  surface  upon  which  the  body  rests. 
From  this  middle  line  the  upper  surface  descends  slowly  on  either  side  toward  the 
outer  edge,  lowest  about  the  shoulders  in  the  arch  of  the  third  pair  of  ribs,  less 
and  less  backward,  until  over  the  pelvic  region  the  arch  is  very  slight.  As  this 
line  is  parallel  to  the  base  upon  which  the  body  rests,  the  outer  edge  of  the 
shield  rises  as  the  upper  surface  flattens,  that  is,  from  the  shoulders  backward.  At 
the  shoulders  it  is  but  little  above  the  flattened  part  of  the  lower  surface,  so  that 
there  the  bulk  of  the  body  is  above  the  plastron  and  within  the  arch  of  the  cara- 
pace, while  at  the  hind  end  it  is  below  the  carapace  and  within  the  inverted  arch 
of  the  plastron.  The  opening  in  the  shield  for  the  protrusion  of  the  limbs  and 
tail  about  the  hind  end  is  as  high  or  higher  than  that  about  the  front  end 
for  the  protrusion  of  the  head  and  front  limbs.  The  body  is  bluntly  curved 
about  the  front  end ;  it  is  much  broader  across  the  shoulders  than  across  the  pel- 
vis, and  more  pointed  behind  than  before,  but  the  projection  of  the  marginal  rim 
beyond  the  body  gives  very  different  proportions  to  the  carapace.     This  rim  pro- 


1  This  family  corresponds  exactly  lo  tlic  genu* 
Trionyx  of  Geoffrey,  from  which  its  present  name  is 
derived.  Gray  writes  the  family  name  Trioniridne, 
(Ann.  Phil.  1825.)  and  Trionycidrc,  (Cat.  Brit.  Mus. 
1844 ;)  as  also  does  Canino,  (Saggio  An.  Vert.  1831.) 
Bell  writes  it  Trionichidte,  (Zool.  Jour.  1828.)  Fit- 
ringer  has  it  Trionychoidea,  (Neue  Chiseif.  182C.) 

42 


VTiegmann  changed  the  name  to  Chilota-,  (Handh. 
Zool.  1832.)  Dumeril  and  Bihron  introduced  a  third 
name  for  this  same  family,  calling  it  Potamides, 
(Erpet.  gener.  1835.)  The  name  borrowed  from  the 
genus  Trionyx,  having  the  priority  over  those  of 
Dumeril  and  Bibron,  and  of  Wiegmann,  must  be 
retained  ;  but  it  must  be  spelled  T.,u  ■  vi  i  ii  ;  .m:. 
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jects  very  little,  if  at  nil,  immediately  about  the  front  end ;  but,  beginning  at  the 
arch  of  the  third  pair  of  ribs,  where  the  carapace  and  plastron  first  meet,  it  grows 
wider  and  wider  backward,  until  about  the  hind  end  it  becomes  a  broad  leaf, 
which,  when  the  animal  is  at  rest,  in  the  American  species  at  least,  drops  down 
behind  the  body  on  account  of  its  own  weight 

The  carapace  and  plastron  first  meet  in  the  arch  of  the  third  pair  of  ribs, 
there  encircling  the  shoulders,  and  continue  to  encircle  the  body  from  thence  to 
between  the  arches  of  the  fifth  and  sixth  pairs.  The  plastron,  like  the  carapace, 
reaches  in  front  to  the  end  of  the  body,  and  no  further;  after  separating  from  the 
carapace  it  extends  back  under  the  pelvis,  and  in  Trionyx  proper1  underlies  the 
hind  legs,  but  is  there  unossified.  At  the  front  end,  in  the  American  species  at 
least,  the  shield  is  flexible  above  and  below,  and  under  the  control  of  muscles. 
The  two  margins  may  even  be  brought  together  so  as  to  close  entirely  the  front 
end  of  the  hotly,  including  the  head  and  the  greater  part  of  the  front  limbs. 

The  shield  is  by  no  means  entirely  ossified;  and,  where  the  ossification  exists,  it 
is  irregular,  and  less  intimately  connected  with  the  true  skeleton  than  in  the  other 
families  of  the  sub-ordcr.  In  the  adult  animal,  a  continuous  area  of  the  carapace, 
which  overlies  the  greater  part  of  the  viscera  of  the  hotly,  is  ossified,  and  extends 
over  the  vertebral  column,  from  the  neck  to  the  sacrum,  and  far  down  on  the  ribs 
toward  their  outer  end.  This  bony  derm  is  divided  into  plates,  which  correspond 
more  or  less  regularly  to  the  bon^s  of  the  true  skeleton,  to  which  they  are  fixed. 
The  isolated  odd  plate  of  true  bone  is  constant,  and  stretches,  with  the  bony  derm, 
across  the  front  end  of  the  shield  from  one  to  the  other  of  the  second  pair  of 
ribs,  over  the  last  vertebra;  of  the  back  and  the  first  of  the  neck.  From  this 
plate  the  vertebral  row  extends  back  quite  regularly  over  five  or  six  vertebra?, 
or  even  to  the  hind  end  of  the  carapace,  but  sometimes  several  of  the  hinder 
ones  are  divided,  and  sometimes  one,  two,  or  three  of  them  are  wanting,  so  that 
the  last  two  or  three  pairs  of  costals  meet  at  their  inner  ends.  The  eight  pairs 
of  costal  plates  are  pretty  constant,  but  the  last  pair  is  not  always  entirely  or 
even  at  all  separated  from  the  one  next  before  it  All  around  and  outside  of 
this  region  of  bony  derm,  the  carapace  is  either  entirely  unossified  or  has  only 
a  narrow  border  of  bony  derm  at  the  ends.  So  the  marginal  rim  cannot  be 
accurately  distinguished  from  the  carapace  proper,  at  least  not  by  sutured  plates. 
The  plastron  is  fixed  on  either  side  to  the  leathery  border  of  the  carapace.  Its 
framework  of  true  bones  consists  of  four  pairs  and  an  odd  bone.  Two  pairs,  the 
second  and  third,  reach  from  the  carapace  inward,  but  do  not  meet,  or  if  at  all,  not 

1  Trionyx,  in  contradistinction  to  Aspidoneclos,  liiurun,  (Erjict.  gencr.,  1835.)  or  to  Emyda  of  J. 
corresponds  to  the  genus  Cryptopus  of  Duuieril  and       E.  Gruy,  (Cat.  UriL  Mil**,  1844.) 
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till  lute  in  life.  The  fourth  pnir  extend  backward  under  the  pelvis ;  their  front 
edges  extend  pretty  directly  inward,  their  hind  edges  more  backward,  so  that  they 
are  broad  where  they  meet  under  the  pelvis.  The  odd  bone  is  long  and  slender, 
and  arches  forward  and  overlaps  the  second  pair.  The  bones  of  the  first  pair  are 
small,  and  bent  nearly  to  a  right  angle ;  one  of  their  limbs  rests  against  the  odd 
bone,  while  the  other  reaches  almost  directly  forward.  A  thick  derm  underlies  all 
this  bony  framework,  and  spreads  out  before  it,  under  the  shoulders,  as  far  as  the 
end  of  the  body,  and,  in  Trionyx  proper,  behind  it,  under  the  hind  legs.  A  con- 
siderable portion  of  this  derm,  on  and  immediately  around  the  bony  frame,  is  ossi- 
fied ;  but  the  larger  part,  including  a  space  in  the  middle,  is  not  There  is,  on  that 
account,  some  mobility  in  the  plastron,  so  that  when  the  animal  takes  breath  it 
yields  and  expands.  The  microscopic  structure  of  the  unossified  derm  has  already 
been  illustrated  above.1 

As  stated  before,  the  ossification  of  the  shield  is  very  irregular,  as  it  undergoes  a 
great  variety  of  changes  during  its  growth.  There  is,  however,  a  regular  alternation 
between  its  growth  and  that  of  the  true  skeleton,  with  which  it  is  connected,  now 
the  one  advancing*  now  the  other.  The  ossification  is  much  less  fixed  and  deter- 
mined, both  as  to  extent  and  position,  than  in  the  other  families  of  the  sub-order. 
These  peculiarities,  and  their  relation  to  the  general  form,  are  still  subjects  of  inves- 
tigation, and  consequently  their  value  as  family  characters  is  not  fully  determined. 
This  much  however  is  certain,  that  the  ossification  goes  on  more  slowly,  is  not 
carried  so  far,  is  much  less  intimately  connected  with  the  true  skeleton,  and  is 
more  varying,  than  in  the  other  families  of  the  sub-order. 

As  shown  above,  the  vertebral  column  is  nearly  at  the  same  level  in  the  sacral 
region  as  within  the  scapular  arch.  The  pelvis  and  shoulder  apparatus  have  nearly 
the  same  height ;  they  take  the  proportions  of  a  cross  section  of  the  body,  that 
is,  they  are  low  and  wide  spread.  The  scapula  is  long,  as  also  are  the  coracoid 
and  the  acromion;  but  the  scapula  reaches  far  outward,  and  the  acromion  from 
thence  inward,  so  that  the  arch  is  stretched  out,  as  it  were,  sidewise,  and  the 
shoulder  joints  are  carried  close  to  the  edges  of  the  body.  The  sacrum  is  broad, 
the  iliac  bones  are  nearly  parallel,  and  the  pelvis  is  as  broad  across  the  hip  joints 


1  Sec  Chap.  1,  Sect.  5.  p.  203. 

*  The  regular  alternation  which  is  observed  in 
the  increase  and  enlargement  of  the  bony  derm  and 
of  the  true  skeleton,  especially  at  the  ends  of  the 
ribs,  is  an  additional  proof  that  the  shield  is  not  to 
be  considered  as  formed  by  a  dilatation  of  the  ribs 
only,  but  chiefly  by  the  ossification  of  the  derm.  The 
differences  noticed  by  Owen,  in  his  paper  on  the  fossil 


Trionyx,  (Transact.  Pala>ont.  Society.  1S-I!>,)  as  far 
as  they  relate  to  the  extension  of  the  ribs  beyond 
the  solid  carapace  and  to  the  form  of  its  rim,  are 
not  specific,  but  may  be  observed  in  a  series  of  speci- 
mens of  the  same  species,  in  different  stages  of  ossi- 
fication. I  have  satisfied  myself  of  Ibis  by  a  careful 
comparison  of  fourteen  skeletons  of  Aspidonectcs 
spinifer,  and  muticiis,  of  all  ages. 
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as  across  the  sacrum.  The  ischium  is  small,  the  pubis  broad  and  flat ;  neither 
extends  downward  to  any  considerable  distance  from  the  hip  joints.  The  feet  are 
very  large,  and  longer  than  that  part  of  the  legs  which  extends  between  the  knees 
and  elbows,  and  the  joints  of  the  wrist  and  the  ankle.  The  toes  are  long,  united 
by  a  web,  and  capable  of  being  widely  spread  ;  the  inner  one  is  the  stoutest, 
and  from  thence  outwaid  the  others  are  more  and  more  slender,  so  that  the 
lost  two,  and  especially  the  last  one,  can  serve  for  little  else  than  to  stretch  the 
web ;  the  middle  one  is  the  longest,  and  on  either  side  of  it  the  others  grow 
shorter ;  the  first,  second,  and  tbird,  in  the  genera  examined,1  have  strong  nails, 
the  others  none.  The  inner  side  of  the  feet  and  legs  is  thick,  but  from  the 
outer  side  a  broad  web  reaches  out  and  adds  much  to  the  surface  presented  to 
the  resistance  of  the  water  in  swimming.  The  skin  is  not  very  closely  attached 
to  the  legs,  and  hardly  surrounds  the  front  ones  at  all  above  the  elbows. 

The  neck  is  very  long  and  flexible.  The  head  too  is  long,  and  terminated  by 
a  long,  leathery  snout  The  brain-box  forms  a  marked  angle  with  the  front  part 
of  the  head,  which  is  distinctly  bent  downward.  The  upper  surface  of  the  skull, 
after  passing  over  the  brain,  turns  steeply  downward  ;  the  lower  surface  rises 
from  ite  hind  end  to  the  front  end  of  the  brain-box,  and  falls  thence  forward, 
but  not  as  steeply  as  the  upper  surface.  The  lower  jaw  grows  more  flattened 
toward  the  front  end.  The  sides  of  the  front  part  of  the  head  approach  each 
other  forward,  as  in  all  the  other  representatives  of  the  order.  So  the  whole 
front  part  of  the  head,  including  the  lower  jaw,  tapers  to  the  projecting  leathery 
snout  The  mastoids  are  long,  conical,  narrow,  from  the  brain-box  outward,  and 
taper  backward  to  a  point  The  opening  to  the  ear  cavity  is  elongated  length- 
wise of  the  brain-box.  The  temporal  arch  is  narrow,  flat,  and  thin,  and  not  far 
removed  from  the  brain-box,  so  that  the  passage  within  it  for  the  temporal  muscle 
is  small.  The  arch,  from  the  top  of  the  skull  down  to  the  maxillary,  is  also 
narrow,  and  brought  near  the  brain-box.  The  parietals  project  very  little  or 
not  at  all  outward.  Thus  the  temporal  muscle  has  a  slight,  narrow,  bony  cov- 
ering. The  pterygoids  are  broad,  and  have  but  slight  depressions  on  their  outer 
edges.  The  sphenoid  reaches  forward  between  the  pterygoids  to  the  palatines.  The 
openings  in  the  palate,  by  which  the  mouth  communicates  obliquely  with  the 
nasal  cavity,  are  large,  and  extend  far  back  ;  the  corresponding  openings  in  the 
back  wall  of  the  nasal  cavity  are  also  large,  and  the  foramen  olfactorium  is  large. 
There  is  in  the  skull  an  opening  also  in  front  of  the  vomer,  just  within  and 
behind  the  curved  end  of  the  alveolar  surface ;  but,  in  life,  this  opening  is  filled 
with  a  fleshy  cushion. 


These  detail*  arc  truly  family  character*,  as  they  determine  the  form  of  die  feet. 
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The  free  skin  is  loose  about  the  neck  and  limbs.  There  are  no  epidermal 
scales,  excepting  a  few  narrow,  long  ones  on  the  limbs,  which  serve  not  so  much 
for  protection  as  to  stiffen  the  web. 

The  principal  habitat  of  the  members  of  this  family  is  the  muddy  bottom  of 
shallow  waters.  They  bury  themselves  in  the  soft  mud,  leaving  only  the  head, 
or  a  small  part  of  it,  exposed.  They  take  breath  from  time  to  time,  without 
moving  the  body,  by  raising  up  the  long  neck  and  head  and  carrying  the  leath- 
ery snout  above  water.  They  sometimes  stay  under  water  a  long  time,  without 
taking  breath ;  in  one  instance,  a  specimen  has  been  seen  to  remain  under  water  for 
more  than  half  an  hour  without  raising  its  snout  above  the  surface.  The  nature 
of  the  habitat  is  clearly  connected  with  some  of  the  prominent  family  character- 
istics. For  instance,  the  buried  body  needs  not  the  protection  of  the  fully  ossified 
shield  which  the  other  families  have  :  the  long  neck  and  head,  the  projecting  snout, 
and  the  free  communication  between  the  nasal  openings  and  the  mouth  are  all  con- 
nected with  the  manner  of  taking  breath.  These  animals  rarely  go  on  dry  land, 
and  when  they  do,  their  locomotion  is  laborious  and  constrained ;  yet  it  is  iden- 
tical with  that  of  the  other  Amydaa  in  the  alternation  of  the  limbs  of  the  two 
sides  of  the  body.  When  moving  through  the  water,  they  strike  horizontally  with 
both  pairs  of  limbs,1  alternating  however  between  the  right  and  left  foot  of  each 
pair ;  but  when  they  start  suddenly,  the  front  limbs  are  seen  moving  together 
towards  the  tip  of  the  snout,  and  then  striking  simultaneously  backward  with  great 
power  to  propel  the  body  forward.  As  the  shoulders  are  placed  so  near  the  edge 
of  the  body,  and  the  shield  does  not  project  free  about  the  front  end,  the  front 
limbs  move  mostly  beyond  the  shield,  in  front  and  at  the  sides  ;  and  as  the 
outer  edge  is  sharp,  and  the  feet  are  broad,  their  web  reaches  above  as  well  as 
below  the  plane  of  that  edge,  and  when  they  strike,  they  drive  the  water  back, 
partly  over  and  partly  under  it  The  hind  legs  move  back  and  forth  below  the 
carapace  and  drive  the  water  backward  without  hinderance,  for  the  flexible  broad 
rim  is  so  light  in  the  water  that  it  yields  readily  to  the  current  When  these 
animals  move  along  on  the  bottom,  the  limbs  still  move  horizontally,  the  web 
striking  against  the  water,  and  the  inner  toes  against  the  bottom.  They  also  bur- 
row horizontally,  going  under  the  mud  only  to  the  depth  of  a  thin  layer.  When 
burrowing,  they  carry  the  hind  feet  forward  and  outward,  and  thus  bracing  them- 
selves, press  the  body  forward,  digging  a  part  of  the  mud  with  the  fore  feet, 
and  raising  a  part  of  it  up  on  the   body  ;   the  mud  is  loosened  by  the  strong 


1  All  the  figures  which  I  know,  representing 
member*  of  this  family,  are  very  incorrect.  The 
feet  are  never  brought  down,  a*  in  other  AmydV, 


below  the  level  of  the  lower  surface  of  the  body, 
as  they  are  represented  in  all  the  figures  of  Tri- 
onychidic  ihus  far  published. 
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inner  toes,  but  tho  whole  foot  aids  in  removing  it  In  walking  on  dry  land,  the 
legs  move  as  nearly  horizontally  in  propelling  the  body  forward  as  is  consistent 
with  the  resistance  offered  by  the  ground.  The  animal  readily  resorts  to  the  shield 
for  protection.  The  neck  and  head  are  withdrawn  entirely  within  the  shield,  the 
skin  rolling  off  from  the  greater  part  of  the  neck,  and  allowing  it  to  protrude 
naked  among  the  viscera.  The  legs  are  withdrawn  horizontally,  and  the  skin  slips 
off  so  far  that  it  does  not  surround  them,  except  below  the  knees  and  elbows. 
When  thus  withdrawn,  the  humerus  is  carried  round  into  or  before  the  wide  spread 
scapular  arch,  the  elbow  being  placed  very  near  the  head  or  neck;  the  fore  leg 
and  foot  are  turned  back  upon  the  humerus,  the  flat  surface  of  the  foot  being 
nearly  horizontal,  so  that  its  outer  edge  rests  against  the  humerus.  The  knee  is 
carried  almost  directly  forward,  the  fore  leg  turned  backward  against  the  femur, 
and  the  foot  again  turned  somewhat  forward,  ita  flat  surface  being  nearly  hori- 
zontal.    See  PI.  G. 

It  is  easy  to  perceive  the  close  relations  which  exist,  in  this  family,  between 
the  mode  of  locomotion,  the  movements  and  position  of  the  limbs,  and  the  general 
form  of  the  body.  The  limb-,  for  example,  move  and  arc  withdrawn  horizontally ; 
bo  also  is  the  body  widely  stretched  out  horizontally,  and  moreover  it  is  flat  and 
low.  The  flat  front  end  offers  little  resistance  to  the  water  before  it;  its  sharp 
outer  edge  offers  as  little  resistance  also  to  the  water  which  is  driven  back  by 
the  fore  feet  Again,  this  low  end  is  well  adapted  to  entering  the  mud,  and  the 
fore  feet  to  loosen  and  remove  as  much  of  it  as  is  necessary  to  enable  them  to 
bury  themselves  in  the  soft  ground.  The  flattening  of  the  carapace  backward  is 
necessary  to  allow  free  horizontal  movement  to  the  hind  legH. 

The  habits  of  the  Trionychidaj  arc  little  known.  In  confinement,  they  exhibit 
great  quickness  in  their  motions,  which  arc  abrupt  and  unsteady,  except  when 
they  swim  rapidly  in  one  direction.  They  then  dart  their  long,  slender  neck 
quickly  forward  or  sideways  and  upwards,  as  the  Snakes  do,  and  bite  in  the  same 
way,  striking  suddenly  the  objects  they  aim  at  Different  attitudes  of  the  North 
American  species  arc  represented  in  PI.  6.  They  feed  upon  shells,  especially  upon 
Anodontas  and  Paludinas,  fragments  of  which  I  have  frequently  found  among  their 
faeces  and  in  their  intestine.  They  probably  grope  for  them  in  the  mud  with 
their  proboscis.  They  lay  from  twelve  to  twenty  and  more  eggs,  of  a  spherical 
form,  and  about  the  size  of  a  musket  ball,  which  they  deposit  on  shore  in  the 
sand  near  the  water's  edge.  The  shell  of  these  eggs  is  thick  but  very  brittle. 
The  eggs  of  the  Trionychidaa  and  those  of  the  Cinosternoidaj  are  the  only 
Turtles'  eggs  I  know,  the  shell  of  which  is  not  more  or  less  flexible. 


Chap.  II. 


THE  CHELYOID.E. 


335 


SECTION  V. 

FAMILY  OF  CHKLYOIDJE. 

The  family  of  Chelyoidae,  as  characterized  helow,  embraces  only  one  genus,  the 
Chelys  of  South  America.  As  limited  by  former  observers,  the  type  of  Pleuro- 
deres, to  which  Chelys  belongs,  combines  features  which  are  parallel  to  those  that 
characterize  the  families  of  Trionychida?,  Chelydroida?,  Cinosternoida*,  and  Emydoida?. 
These  peculiarities  would  seem  to  be  remarkably  blended  here,  if  this  type  were 
to  constitute  a  single  family.  I  believe,  however,  that  this  is  not  the  case.1  I 
have,  at  least,  satisfied  myself  already,  that  the  Chelyoida>  are  very  different  from 
the  other  Pleuroderes,  as  the  following  description  may  show. 

The  dorsal  part  of  the  vertebral  column,  from  the  first  dorsal  vertebra  back- 


1  Of  all  the  types  of  Testudinalo,  that  of  Chely- 
dina  is  the  only  one,  for  the  examination  of  which  I 
have  not  been  able  to  secure  ample  material*.  Hav- 
ing however  myself,  when  student  in  the  Univer- 
sity of  Miii.ii  li.  made  most  of  the  skeletons  which 
are  figured  in  the  Atlas  to  Wagler's  Nattlr.  System 
Amphiblen,  1830,  I  have  derived  suffleient  informa- 
tion from  his  illustrations  of  this  subject  to  satisfy 
myself  that  several  families  are  still  included  under 
the  group  called  Klodites  Pleuroderes,  by  Dumeril 
and  JJibron,  (Rrjiet.  gene'r.,  1835.)  The  first  allusion 
to  the  propriety  of  considering  them  as  a  distinct 
group  may  be  found  in  J.  E.  Gray's  Synopsis  of  the 
Genera  of  Beptiles,  (Ann.  of  Philos.,  1825,)  where 
they  are  enumerated  as  a  sub-family  of  the  Emy- 
doida*, under  the  name  of  Chelidina.  Soon  after- 
wards Filzinger  considered  them  as  a  distinct  family, 
under  the  name  of  Chelydoidea,  (Neue  Classify  1820.) 
This  fumily  was  afterwards  adopted  by  Wiegmann, 
under  the  name  Chelydir.  (Handb.  d.  Zool.,  1832.) 
then  subdivided  into  two  sub-families  by  C'anino, 
under  the  names  of  ITydraspidina  and  Chelina,  (Che- 
loniorum,  Tab.  Anal.,  1830.)  These  two  division.* 
are  considered  as  families  by  Filzinger,  in  his  latest 
work,  (Syst.  Amph.,  1843,)  under  the  names  of  Hy- 
draspides and  Chclyda-.  Gray,  however,  considers 
them  still  as  one  family,  under  the  name  of  Chelidida>, 


(Cat.  Brit.  Mas.,  1844.)  I  hold  that  the  separation 
of  the  Chelyoidnr  from  the  Hydraspides,  as  a  distinct 
family,  is  founded  in  nature.  From  the  examination 
of  several  specimens  in  the  Museum  of  the  Essex 
Institute  in  Salem,  I  have  satisfied  myself  that  the 
genus  Chelys  of  Dumeril  truly  constitutes  of  itself  a 
natural  family.  Hut  I  am  by  no  means  convinced 
that  the  genera  referred  to  the  family  of  Hydraspides 
are  so  closely  allied  to  one  another  as  to  form  one  nat- 
ural family.  There  are  those  nmong  them  which  re- 
call the  Cinosternoids,  while  others  resemble  more  the 
Emydoids.  I  am.  therefore,  inclined  to  believe,  though 
I  have  not  the  means  to  show,  that  as  Chelys  consti- 
tutes a  natural  family  among  the  Pleuroderes.  analo- 
gous to  the  Chelydroida1  among  the  Cryplodcres,  so 
does  Sternotlurrus  correspond  to  the  Ciriostenioids, 
while  the  other  genera  correspond  to  the  bulk  of  the 
Kmydoids,  thus  forming  two  natural  families,  which 
may  be  called  Sternoth.-eroida?  and  Hydraspides.  It 
may  be,  however,  that  several  of  the  genera  of  the 
Hydraspides  difTer  still  more  from  the  others  than  the 
sub-families  of  Emydoida>  among  themselves,  as,  for 
instance,  Podocnemis  and  Chelodina.  This  type  of 
Pleuroderes  requires  yet  to  be  thoroughly  studied,  in 
all  its  ramifications,  and  minutely  compared  with  the 
corresponding  types  of  Cryptodcres,  characterized  in 
the  following  pages  as  distinct  families. 
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ward,  ia  straight,  and  parallel  to  the  flattened  part  of  the  lower  surface.  The  spinous 
apophyses  of  the  back  are  very  long;  longest  about  midway  of  the  body,  a  little 
shorter  toward  the  neck,  and  shortest  at  the  meeting  with  the  sacrum.  Thus 
the  median  longitudinal  line  of  the  upper  surface  is  high  above  the  column;  it 
arches  from  end  to  end,  descending  much  lower  behind  than  before;  it  reaches 
far  forward  over  the  neck.'  The  upper  surface  is  broad,  bluntly  curved  at  the 
front  end,  and  narrower  and  more  pointed  behind ;  it  reaches  far  forward  in 
front  of  the  arch  of  the  first  and  second  pairs  of  ribs,  but  arches  little  from  side 
to  side,  and  the  bulk  of  the  body  is  below  the  outer  edge ;  it  is  depressed  on 
either  side  of  the  middle  longitudinal  line,  along  where  the  ribs  first  meet  it  in 
passing  out  from  the  vertebrae.  The  outer  edge  is  high  above  the  base  upon 
which  the  body  rests;  it  falls  from  the  front  end  to  about  midway,  then  rises 
over  the  hind  legs,  and  again  falls  behind  the  pelvis,  where  it  is  lowest  The 
flattened  lower  surface  is  long  and  rather  broad;  it  reaches  forward  somewhat 
farther  than  the  upper  surface,  and  backward  to  the  hind  edge  of  the  pelvis; 
it  is  broadest  nearly  under  the  third  pair  of  ribs,  where  it  has  about  half  the 
width  of  the  body;  it  narrows  but  little  forward,  having  a  blunt,  broad  front 
end,  but  backward  it  narrows  faster,  and  at  its  hind  end  has  about  the  same 
width  as  the  pelvis  ;  it  rises  somewhat  from  the  region  where  it  is  broadest  to 
the  front  end. 

It  is  important  to  notice,  that  both  the  upper  and  the  lower  surface  extend 
fer  in  front  of  the  first  vertebra  of  the  back,  and  thus  a  large  part  (more  than 
a  third)  of  the  neck  is  inclosed  within  the  walls  of  the  body.  The  carapace 
and  plastron  are  joined  from  the  arch  of  the  second  to  that  of  the  fifth  pair 
of  ribs.  The  bridge  on  each  side,  reaching  down  from  the  outer  edge  to  the 
flattened  lower  surface,  is  necessarily  long,  and  the  openings  about  the  ends  of 
the  body  for  the  protrusion  of  the  head  and  limbs  and  tail  are  high  and  large. 
The  bridges  reach  considerably  inward  in  descending;  their  free  edges  are  turned 
far  into  the  body,  and  the  upper  edge  is  united  by  long  sutures  with  the 
second  and  fifth  ribs.  The  plastron  underlies  the  whole  broad  flattened  lower 
surface  of  the  body ;  its  free  edges  project  little  beyond  their  attachment,  in  fact 
not  at  all,  except  about  the  front  end,  so  that  the  plastron  does  not  protect,  as 
is  the  case  in  the  Emydoida?,  any  extensive  part  of  the  lower  surface  beyond  that 
to  which  it  is  actually  attached.  The  free  edges  of  the  carapace  project  rather 
widely  over  the  legs,  but  little  behind  the  pelvis,  and  only  slightly  over  the  neck. 


1  The  effect*  produced  in  the  outline  of  the 
outer  surface  by  the  varying  thickness  of  the  derm 
arc  omitted  here,  and  noted  below  in  the  descrip- 


tion of  the  shield,  as  they  do  not  constitute  an  essen- 
tial element  of  the  form,  but  are  rather  an  incidental 
structural  result  of  it. 
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The  curve  from  side  to  Bide  of  the  outer  surface  of  the  carapace  is  interrupted 
by  three  ridge?,  formed  by  the  increased  thickness  of  the  derm,  besides  the 
depressions  spoken  of  above,  which  enter  into  the  form  of  the  body  itself.  The 
middle  ridge  passes  along  over  the  vertebral  column;  it  is  slight  at  the  front 
end  of  the  shield,  broadest  above  the  first  two  or  three  dorsal  vertebra?,  higher 
and  narrower  backward  above  the  sacrum,  and  then  decreases  to  the  hind  end 
of  the  shield ;  it  occupies  the  space  between  the  depressions  already  mentioned. 
The  other  ridges  are  smaller,  and  situated  just  outside  of  these  depressions. 

The  shield  is  thick,  completely  ossified,  and  regularly  divided  into  plates.  Be- 
sides the  eleven  pairs  of  marginal  plates  and  the  eight  pairs  of  costals,  the  usual 
plates  of  the  vertebral  row,  with  the  odd  plates  at  each  end  terminating  the  mar- 
ginal rim,  are  constant  in  the  carapace.  The  odd  plate  and  the  other  marginal 
plates  in  front,  as  well  as  the  first  pair  of  costals,  arc  very  large,  and  give  the 
unusual  length  and  breadth  to  the  carapace  in  front  of  the  first  costal  arch. 

The  plastron  is  made  up  of  nine  plates,  as  usually,  four  pairs  and  one  odd 
one.  The  second  and  third  pairs  reach  entirely  across,  unite  with  the  carapace 
on  each  side,  and  form  the  bridges  and  the  greater  part  of  the  flattened  por- 
tion of  the  plastron.  The  first  pair  meet  in  front,  and  are  united  by  a  bony 
suture,  and,  reaching  backward  more  than  outward,  are  joined  to  the  second  pair 
by  sutures  of  about  the  same  length.  These  and  the  odd  plate  are  large,  and 
give  the  unusual  size  to  the  front  part  of  the  plastron.  The  fourth  pair  is  the 
smallest,  and  just  underlies  the  pelvis. 

The  scapular  arch,  down  to  the  shoulder  joints,  is  nearly  perpendicular.  The 
iliac  bones  arc  nearly  perpendicular  and  parallel ;  their  upper  ends  are  very 
large,  and  are  firmly  sutured  to  the  shield  above.  The  ischium  too  is  sutured 
to  the  shield  below,  as  also  is  the  pubis.  Thus  the  pelvis  is  firmly  fixed  to  the 
shield  above  and  below.  This  support,  together  with  that  of  the  strong  bridges, 
the  thickness  of  the  bony  derm  generally,  and  the  additional  ridges  of  the  cara- 
pace, make  the  shield  very  firm,  in  spite  of  the  rather  slight  curvature  of  the 
carapace  from  side  to  side. 

The  ribs  extend  far  out  from  the  vertebra  before  meeting  the  shield,  and 
the  space  above  them  on  either  side  of  the  spinous  apophyses  is  wide  as  well 
as  high,  and  affords  place  for  the  passage  and  attachment  of  very  large  muscles. 

The  first  dorsal  vertebra  is  turned  down  at  the  front  end,  and  its  body  is 
much  enlarged,  so  as  to  present  a  large,  round,  articulating  surface.  Its  articulating 
processes,  instead  of  reaching  as  usually  outward  and  downward,  are  placed  higher 
up,  near  together,  and  make,  with  the  body  of  the  vertebra,  a  long,  perj>endic- 
ular  axis,  upon  which  the  adjoining  neck  vertebra  swings  freely  from  side  to  side, 
and  but  little  up  and  down.    This  is  the  prevailing  direction  of  the  axis  through 
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the  neck ;  but  approaching  the  head  there  is  more  freedom  of  movement  up  and 
down,  and  the  head  itself  turns  freely  in  both  planes  on  the  nearest  two  joints. 
So  the  general  direction  of  the  bending  of  the  neck  is  side\viseT  and  when  the 
animal  resorts  to  the  shield  for  protection,  it  turns  the  head  to  ono  side,1  and 
does  not  carry  it  directly  back,  bending  the  neck  under  the  dorsal  column,  as 
is  the  usual  way.  The  unusual  length  of  the  dorsal  spinous  apophyses,  and  the 
long  extension  of  the  bony  walls  of  the  body  in  front  of  the  dorsal  column  and 
of  the  first  costal  arch,  clearly  depend  upon  the  habit  of  these  Turtles  of  bending 
the  neck  sidewise.  The  arch  of  the  atlas  is  firmly  fixed  to  its  body;  it  is  also 
firmly  fixed  to  the  body  of  the  epistropheus,  and  closes  over  it,  so  that  this  one 
arch  with  two  vertebral  bodies  acts  fully  as  one  vertebra,  which  articulates  as  such 
with  the  occipital  condyle,  and  the  vertebra  next  behind. 

The  head  is  broad  across  the  ears,  low  at  the  hind  end  of  the  brain-box, 
and  almost  flat  in  front  of  it  The  middle  of  the  floor  of  the  skull,  from  the 
occipital  condyle  to  the  alveolar  surface,  is  almost  straight  The  walls  of  the 
ear  cavities,  as  they  open  from  the  brain-box,  reach  far  forward  and  downward, 
and  a  line  across  the  middle  of  the  outer  ends  of  these  cavities  would  pass  nearly 
over  the  middle  of  the  brain-box.  The  brain-box  is  very  low;  the  lateral 
occipitils  meet  over  it,  and  the  occipital  crest  raises  the  parietals  up  some  dis- 
tance, but  they  fall  fast  forward,  and  at  their  front  ends  the  roof  and  floor  of 
the  skull  are  brought  together,  leaving  the  passage  from  the  brain  cavity  forward, 
and  the  open  space  on  each  side,  very  small  and  low;  the  roof  is  raised  a  little 
in  passing  forward  over  the  cavities  of  the  eyes  and  of  the  nose.  The  eyes  arc 
placed  far  forward,  and  look  upward  as  well  as  outward.  The  jugals  and  postfron- 
tals  are  hroad  behind  the  eyes,  and  lie  for  the  most  part  immediately  upon  the 
pterygoids  and  palatines.  There  is  no  arch  from  the  ear  region  forward,  but 
instead  there  is  one  over  the  temporal  muscles,  formed  by  the  meeting  of  the 
mastoids  and  parietals.  The  front  wall  of  the  car  cavity  curves  sharply  forward. 
There  is  a  deep,  large  depression  in  the  mastoid  behind  the  os  tympani  for  the 
passage  and  attachment  of  the  digastric  muscle.  The  roof  of  the  mouth  is  very 
broad:  the  pterygoids  have  no  depression  in  their  outer  edges;  they  turn  down 
on  the  os  tympani,  reaching  as  low  as  the  articulating  surface,  so  that  there  the 
roof  of  the  mouth  is  a  flattened  arch,  but  at  the  front  eud  it  is  curved  up 
toward  the  outer  edges. 

The  upper  alveolar  surface  is  merely  n  slight  depression  in  the  thickness  of 
the  jaw.     The  floor  of  the  nasal  cavity  projects  forward  beyond  that  surface. 

1  All  the  {roli-watcr  Turtle  which  have  this  ami  Bibron  into  one  ptroup,  under  the  name  of  Pleu- 
utructtire  of  the  neck  have  been  united  by  Dumeril       roderes,  as  a  i»ub-fan>ily  of  the  Elodiles. 
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In  the  fresh  state,  this  cavity  is  prolonged  hy  a  membranous  snout,  as  in  Trionyx. 
The  lower  jaw  is  thin,  excepting  at  the  condyles,  where  it  is  thickened  on  the  inner 
side  to  a  nearly  spherical  form;  the  articulating  ball  projects  somewhat  higher  than 
the  upper  edge,  but  it  is  lower  than  the  lower  edge  of  the  jaw  just  before  it ; 
it  rolls  by  a  broad  and  long  convex  surface  on  the  articulating  surface  above. 
The  jaw  rises  forward  to  the  coronal  angle,  where  it  is  so  high  and  broad  that 
its  upper  edge  rises  above  the  top  of  that  part  of  the  skull  which  it  incloses; 
from  the  angle  forward  it  is  small  and  blunt,  and  fits  closely  into  the  alveolar 
depression  above.  The  tongue  bones  are  largely  developed,  and  make  a  broad, 
firm   floor  under  the  cavity  of  the  mouth. 

Most  of  the  many  peculiarities  of  the  head  are  clearly  connected  with  the 
form  of  the  mouth,  and  thus  with  the  kind  of  food,  and  manner  of  catching 
and  devouring  it  The  jaws  are  weak,  and  neither  pointed  nor  sharp-edged;  and 
therefore  unfit  for  catching  large,  active  prey,  or  tearing  any  tough  vegetable  or 
animal  matter.  The  mouth  is  broad  but  very  close,  when  its  roof  and  floor  are 
brought  near  together;  it  seems  on  that  account  best  fitted  for  catching  and 
swallowing  minute  animals.  The  mode  of  articulating  of  the  lower  jaw,  and  the 
large  size  of  the  depression  in  the  mastoids  for  the  digastric  muscle,  indicate 
perhaps  that  the  jaws  are  opened  and  shut  quickly  and  continuously  with  a 
movement  somewhat  like  that  of  a  duck's  bill.  The  legs  are  strong,  and  the 
feet  broad  and  compact  with  long,  sharp  claws. 

This  family  contains  a  single  genus,  well  known  imder  the  name  of  Chclys.  It 
embraces  only  a  single  species,  called  Matamata  in  tropical  South  America,  where  it 
is  common.  Its  habits  are  little  known.  From  the  resemblance  of  this  Turtle 
to  the  Chelydroidaj  and  the  Trionychidas,  I  am  inclined,  however,  to  infer  that, 
like  these,  it  lays  spherical  eggs. 

The  family  first  described  by  Fitzinger  under  the  name  of  Hydraspides1  was 
soon  afterwards  united,  by  J.  E.  Gray,4  with  the  Chelyoidaj ;  but  1  believe  this  to 
be  a  mistake,'  if  I  am  permitted  to  express  an  opinion  after  having  had  so  few 


1  Fitzinger,  Syst.  Rcpt.,  1843,  8vo. 

■  J.  E.  Gray,  Cat.  Brit.  Mils.,  1844,  8vo. 

*  It  has  already  been  remarked  in  a  note,  p.  335, 
that  the  Turtles  united  as  one  natural  group  under 
the  name*  of  Chclididte,  or  E Mites  Pleurodcres,  do 
not  constitute  a  natural  family,  but  embraec  a  number 
of  families,  linked  together  by  the  peculiar  structure 
of  the  neck,  and  besides  by  the  close  connection  be- 
tween the  pelvis  and  the  carajtacc  and  plastron.  Of 
theae  families  I  have  only  been  able  to  examine  the 


Chelyoidie  proper  with  sufficient  precision  to  ascer- 
tain fully  their  family  characters.  I  take,  however, 
this  opportunity  to  call  the  attention  of  hcrpetologists 
to  the  differences  I  have  thus  far  noticed  among  the 
other  groups.  I  have  already  stated  above,  that,  as 
the  Chelyoidie  proper  recall  the  Chelydroidn\  the 
Stcrnothcroidie  form  in  the  same  manner  the  coun- 
terpart of  the  Cinoslernoidas,  while  Peloinedusa  and 
Peutonyx  remind  us  of  thu  true  Emydoidw.  The  Hy- 
draspides, restricted  to  the  genera  Platciny*,  Rhino- 
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opportunities  of  examining  these  Turtles, 
form  simply  a  section  of  the  family  of  Z 

mys,  Phrynops,  and  Hydrastis,  agree  in  having  no 
temporal  arch,  while  the  parietal*  arc  broad,  long, 
and  flat,  and  the  parietal  arch  is  very  narrow  and  far 
backward.  The  type  of  Hyd  rooted  us*  and  Chelo- 
dina,  which  may  also  constitute  a  distinct  family, 
differ*  from  the  genuine  Hydraspides  in  it*  parietaU, 
that  are  gradually  narrowing  backward  to  form  a 
ridge  with  the  upper  occipital,  carrying  the  parietal 
arch  even  further  backward  than  in  the  Hydraspides  j 
a*  in  these,  the  temporal  arch  is  also  wanting.  The 
l'odocncmidcs  present  Mill  more  striking  peculiarities. 
As  in  the  marine  Chclonioida-,  the  parietal  and  tem- 
poral arches  are  united  to  form  a  broad  roof  over  the 
temporal  region.  This  is  the  only  group  of  Testudi- 
nata  in  which  the  peculiarities  of  the  skull  of  Che- 
lonii  and  Amyda>  arc  intimately  combined.  On  ibis 
account,  I  expect  that  the  Podocncmides  will  be  found 
to  agree  much  more  closely,  in  those  structural  pecu- 
liarities which  constitute  family  characters,  with  the 
earlier  representatives  of  this  order  in  past  geological 
ages,  than  with  any  other  type.  It  is  deeply  to 
be  regretted,  therefore,  that  the  beautiful  series  of 
fossil  Turtles  found  by  Hugi  in  the  jurassic  limestone 
of  Solothurn,  in  Switzerland,  have  not  yet  been 
examined  and  described  with  that  minuteness  which 
would  furnish  the  means  of  a  direct  comparison  with 
the  living  types ;  for  they  exhibit,  more  distinctly  than 
any  other  fossil  Turtles  I  have  seen,  a  surprising 
combination  of  Chelonioid  and  Amydoid  character*. 
This  is  also  the  ease  with  the  genera  Eurysternum, 
Miintt.,  and  Idiochelys,  Afyr^,  described  by  Hank 
von  Meyer,  in  Minister's  Beitriige,  1830. 

It  ought  also  to  be  noticed  in  this  connection, 
that  the  oldest  fossil  species,  referred  to  the  family  of 
Chelonioids!  by  Owen  in  his  beautiful  illustrations  of 
the  British  Reptiles,  (Trans.  Palieont.  Soc,  1851,) 
differ  in  many  respects  from  the  marine  Turtles,  and 
present,  especially  in  their  oval  form,  which  is  quite 
distinct  from  that  of  the  living  ChelonioidiP,  features 
which  are  characteristic  of  the  living  Emydoidn;,  or, 
rather,  common  to  all  the  Tcstudinata  of  the  present 
period,  in  the  younger  stages  of  their  development. 


The  united  Chelyoidae  and  Hydraspides 
►ditea  in  the  classification  of  Dume*ril  and 

By  its  rounded  form  and  small  size,  the  Chelonia  of 
Glaris  differs  also  greatly  from  the  living  Chclonioidte. 
It  certainly  constitutes  a  distinct  genus,  characterized 
by  the  peculiar  proportions  in  the  length  of  the  fingers 
of  the  front  paddles.  A  knowledge  of  these  combi- 
nations of  characters,  in  the  earlier  representatives  of 
the  order,  is  of  great  importance  with  reference  to 
the  question  of  their  succession  in  former  geological 
periods,  and  that  of  their  relations  to  the  surrounding 
mediums.  Most  of  the  oldest  fossil  Testudinata  have 
been  referred  to  fresh-wnter  types,  and  their  occur- 
rence in  the  oolitic  and  cretaceous  rocks,  with  other 
fossils  evidently  belonging  to  marine  types,  has  led 
to  the  supposition  (sec  Pictet,  Pnlcont.,  vol.  i.,  p. 
440)  that  they  may  have  been  floated  into  the  sea 
from  the  adjoining  fresh  waters.  I  hold  that  such  an 
assumption  is  not  necessary.  There  is  no  closer  re- 
lation between  the  secondary  Testudinata  and  the 
living  representatives  of  this  order  than  between  the 
fossil  Ganoids  of  the  jurassic  and  cretaceous  periods 
and  the  living  Sauroid*  j  and  yet  it  would  be  entirely 
gratuitous  to  assume  that  the  jurassic  and  cretaceous 
oceans  were  fresh-water  basins,  because  the  living 
species  of  Lepidosteus  and  Polypterus  inhabit  the 
rivers  of  North  America  and  of  Africa.  Again  :  the 
occurrence  of  fresh-water  Turtles  in  the  jurassic  for- 
mation, at  a  period  during  which  no  Chelonioids  are 
known  to  have  existed,  would  lead  to  the  conclusion 
that  there  is  no  relation  between  the  gradation  of 
these  animals  and  the  order  of  their  succession  in 
past  times;  while  it  appears, on  the  contrary,  that,  far 
from  being  genuine  Emydoids,  the  earliest  Testudi- 
nata exhibit  simultaneously  synthetic  and  embry- 
onic features,  exactly  as  we  have  already  observed  in 
many  other  types.  (Comp,  Part  1.,  Sect.  24,  25.  and 
20,  p.  107-118.)  Now  that  the  families  of  Testudi- 
nata are  better  defined  and  more  fully  characterized, 
a  renewed  comparison  of  the  fossil  and  living  repre- 
sentatives of  this  order  would  add  greatly  to  our 
knowledge,  especially  if  the  investigation  was  made 
with  direct  reference  to  the  questions  alluded  to 
above.    The  lateral  movability  of  the  neck  of  the 
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Bibron,  under  the  name  of  Elodites  Pleuroderes.  Wagler  was  the  first  to  notice 
the  characteristic  lateral  niovability  of  the  neck  of  these  Turtles;1  but  neither 
he  nor  any  of  the  earlier  herpetologists  availed  themselves  of  this  remarkable 
anatomical  peculiarity  to  separate  the  fresh-water  Turtles  into  minor  groups. 


SECTION  VI. 

FAMILY  OF  CIIELTDROIDjB. 

The  family  distinguished  by  Swainson2  under  the  name  of  Chelidridic  rests  upon 
an  unnatural  combination  of  the  true  Chelydroidae  and  the  Chelyoida?,  as  char- 
acterized in  the  preceding  section.  But,  while  such  an  association  of  these  Tur- 
tles is  contrary  to  the  principles  of  classification  discussed  in  the  first  part  of  this 
work,  it  seems  more  in  accordance  with  the  practice  generally  followed  in  similar 
cases  to  adopt  the  name  proposed  by  Swainson  than  to  frame  another  for  the 
family  characterized  in  the  following  pages.  This  is  the  more  feasible,  as  Swain- 
son himself  considered  the  genus  Chelydra  as  the  type  of  the  family.  All  the 
other  naturalists  who  have  written  upon  the  Reptiles  unite  the  Chelydroidae  with 
the  Emydoidas. 

The  body  of  the  Chelydroidae  is  high  in  front,  and  low  behind;  the  middle  line 
along  the  fixed  part  of  the  vertebral  column  descends  from  its  front  end  backwards ; 


Pleurodures,  in  particular,  scans  to  me  to  have  a  deep 
significance.  All  the  other  Turtles,  even  the  Cbelo- 
nii,  as  far  as  their  neck  is  flexible,  bend  it  in  the  per- 
pendicular plane  of  the  longitudinal  axis  of  their 
body,  in  the  shape  of  an  S,  more  or  less  arched. 
The  Pleuroderes,  on  the  contrary,  turn  it  aidevrise, 
and  conceal  it  under  the  projecting  edges  of  the  cara- 
pace and  plastron,  in  the  same  manner  as  the  Birds 
hide  their  head  under  the  wing.  Thus  this  anatomi- 
cal character  excludes  the  Pleuroderes  entirely  from 
the  natural  progressive  series  which  begins  with  the 
Sphargididx'  and  ends  with  the  Testudinina,  and 
stamps  them  as  a  distinct  type,  bearing  among  Testu- 
dinata  a  similar  relation  to  the  two  sub-orders  of 
Chelonii  and  Amydic,  characterized  above,  (p.  308,) 
as  the  Marsupials  bear  to  the  placcntalian  Mammalia. 
There  is  even  this  remarkable  analogy  between  the 


representatives  of  these  two  classes,  that,  as  among 
the  Marsupials  and  the  higher  Mammalia  the  families 
correspond,  to  a  great  extent,  to  one  another,  so  also 
the  families  of  the  Pleuroderes  recall  the  families  of 
the  other  Tcstudinata.  The  Eniydoid  form  of 
Owen's  Chelouc  lienstedi,  from  the  chalk  of  Eng- 
land, its  small  size,  and  its  early  appearance  in  the 
geological  series,  render  the  supposition  quite  plausi- 
ble, that  it  may  as  well  be  a  Chelonioid  Pleurodere 
us  a  genuine  Chelonioid.  At  any  rate,  it  has  in  no 
way  the  form  of  a  marine  Turtle. 

1  See  Wagler"*  NatUrliches  System  der  Amphib- 
icn,  p.  214  and  218. 

*  Swainsox,  (W.,)  Natural  History  and  Classifi- 
cation of  Fishes,  Amphibians,  and  Reptiles,  London, 
1839,  vol.  2d,  p.  116.  The  family  name  ought  to  be 
spelled  Chclydroida?,  and  not  Chelidridar. 
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the outer  edge  descends  steeply  from  the  front  margin  to  ahout  midway,  and 
rises  from  thence  backward,  but  less  steeply.  Tims  the  upper  surface  is  a  shed- 
roof  falling  backwards,  and  curved  down  on  either  side,  lowest  about  the  middle,  less 
and  less  toward  the  ends.  The  arch  from  side  to  side  is  somewhat  flattened  on 
the  top  for  nearly  the  whole  length  of  the  back.  The  base,  or  flattened  part  of 
the  lower  surface,  upon  which  the  body  rests,  is  very  small ;  it  is  but  little  below 
the  lowest  part  of  the  outer  edge ;  it  extends  lengthwise  from  near  the  front  end 
of  the  body  under  the  whole  dorsal  vertebral  column  and  a  part  of  the  sacrum, 
not  reaching  the  hind  end  of  the  body ;  it  is  widest  about  midway,  where  it 
includes  between  a  third  and  a  half  of  the  width  of  the  lower  surface  ;  from 
thence  it  narrows  to  a  point  behind,  and  to  a  blunt  but  narrow  end  in  front 
Tims  the  space  around  it,  that  is,  between  it  and  the  outer  edge  of  the  body,  is 
very  broad,  including  the  greater  part  of  the  whole  lower  surface ;  it  is  high  and 
steep  in  front,  lower  and  more  horizontal  behind.  The  carapace  projects  beyond 
the  attached  surface  of  the  body  all  round,  except  where  it  passes  over  the  neck, 
and  where  it  is  joined  to  the  plastron.  At  tire  suture  with  the  plastron  it  is 
turned  somewhat  down. 

The  plastron  is  fixed,  on  either  side,  to  the  outer  edge  of  the  carapace  where 
it  descends  the  lowest,  about  midway  between  the  front  and  hind  ends,  from  the 
arch  of  the  fourth  to  that  of  the  sixth  pair  of  ribs,  sometimes  extending  a  little 
beyond,  and  sometimes  not  quite  reaching,  these  bounds  ;  from  thence  inward  it 
descends  a  little,  and  narrows  very  fast  toward  the  base,  or  flattened  part  of  the 
lower  surface,  where  it  lengthens  again  much  faster,  and  spreads  out  under  the  whole 
of  that  surface,  and  as  the  free  edges  do  not  project,  they  take  its  form  and  size. 
Thus  the  whole  plastron  is  smalL  The  bridge  which  passes  from  its  lower  flattened 
part  to  the  carapace  is  extremely  narrow;  the  openings  in  the  shield  for  the 
protrusion  of  the  head  and  limbs  at  the  ends  of  the  body  arc  large,  including  much 
the  larger  part  of  the  whole  lower  surface;  the  front  opening  is  high  and  exposed, 
and  the  hind  one  low  under  the  body,  and  protected  ;  these  two  openings  are 
separated  from  one  another  on  each  side  only  by  a  narrow  isthmus. 

The  shield  in  the  adult  Is  completely  ossified,  and  the  bony  derm  is  regularly 
divided  into  plates,  and  more  intimately  connected  with  the  true  skeleton  than  in 
the  Trionychidie.  In  the  carapace,  the  eight  costal  plates,  the  vertebral  row,  and 
the  marginal  rim,  are  constant  The  vertebral  row  is  continuous  from  one  end  of 
the  carapace  to  the  other;  it  consists  of  twelve  plates  in  all,  eight  of  which  corre- 
spond to  the  centals,  and  lie  between  them,  being  fixed  to  the  vertebra?  below ; 
one  reaches  from  the  first  of  these  forward  between  the  first  pair  of  costals  into 
the  marginal  rim,  terminating  it  in  front ;  three  more  carry  the  row  back  to  its 
hind  end,  the  last  one  entering  into  the  marginal  rim,  and  terminating  it  behind. 
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The  marginal  rim  consists  of  eleven  pairs,  besides  the  odd  ones  at  the  ends,  just 
mentioned.  In  the  plastron  there  are  nine  plates,  four  pairs  and  one  odd  one. 
The  second  and  third  pairs  unite  with  the  marginal  rim,  form  the  narrow  bridge, 
and  then,  stretching  out  lengthwise,  form  the  larger  part  of  the  whole  plastron. 
The  first  pair  meet  at  the  front  end  before  the  attachment  of  the  shoulder 
apparatus,  under  the  neck,  where  they  are  broadest,  and  then  growing  narrow, 
reach  backward  and  outward  and  overlap  the  outside  of  the  second  pair.  The  odd 
plate  is  quite  small;  it  is  situated  just  back  of  the  first  pair  within  their  angle, 
and  sends  ai  slender  slip  back  some  distance  between  the  inner  edges  of  tho 
second  pair.  The  fourth  pair  meet  under  the  pelvis,  terminating  in  a  point  just 
behind  it,  and  reach  forward  and  outward  and  overlap  the  third  pair ;  they  arc 
broad  where  they  meet,  and  grow  narrow  forward. 

The  scapular  arch  is  high,  and  nearly  perpendicular  ;  it  in  much  higher  than 
broad,  so  that  the  shoulders  are  not  nearly  as  wide  apart  as  in  the  Trionychida?,  nnd 
not  so  near  the  outer  edge;  the  coraeoid  process,  the  acromion,  and  the  scapula 
are  all  long,  especially  the  latter ;  the  coraeoid  process  is  broad  at  its  ends.  The 
sacrum  is  broad ;  the  iliac  bones  reach  far  forward,  and  approach  each  other  as 
they  descend  from  the  sacrum,  so  that  the  hip  joints  are  placed  under  the  body  far 
inward  of  the  outer  edge  of  both  the  end  and  the  sides  of  the  shield ;  the  pubis 
and  ischium  reach  steeply  downward,  and  the  processes  of  the  pubis,  which  are 
long  and  strong,  reach  downward  and  forward,  and  not  sidewise.  The  legs  and  feet 
are  large  and  strong,  the  toes  are  stout,  and  all  but  the  outer  one  of  the  hind 
feet  terminate  in  long,  curved,  sharp,  strong  claws ;  they  are  freely  flexible,  but 
not  capable  of  being  spread  nearly  as  wide  apart  as  those  of  the  Trionychidaj, 
and  the  web  is  much  smaller,  the  whole  foot  being  more  compact  than  in  the 
latter  family. 

The  dorsal  vertebral  column  is  deep  from  the  shield  downward,  and  there  is  a 
large  space  for  the  longissimus  dorsi  on  either  side  of  it  above  the  ribs  for  its 
whole  length ;  the  size  of  this  space  is  connected  with  the  flattening  of  the  shield 
above.  The  isolated  true  bone,  situated  at  the  front  end  of  the  body,  is  quite 
distinct  and  prominent ;  it  sends  long,  slender  arms  on  either  side  under  the  mar- 
ginal rim,  as  far  back  as  to  the  ends  of  tho  second  pair  of  ribs. 

The  neck  is  long,  flexible,  and  stout,  and  has  a  powerful  muscular  apparatus. 
The  tail,  or,  more  properly  speaking,  that  part  of  the  vertebral  column  which  extends 
behind  the  sacrum,1  is  very  long  and  strong,  much  longer  than  the  column  between 
it  and  the  neck.     This  is  the  case  in  the  American  genera,  at  least. 

1  The  great  length  nml  strength  of  that  part  of  crum  is  not  simply  to  be  considered  as  relating  to 
the  vertebral  column  which  extend*  beyond  the  sa-      the  size  of  the  tail  ;  the  part  which  this  region 
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The  head  is  large ;  it  is  narrow  about  the  nose  and  eyes,  but  grows  rapidly 
broad  backward  to  the  ear  region.  The  floor  of  the  skull,  that  is,  the  roof  of 
the  mouth  and  the  base  of  the  brain-box,  taken  as  a  whole,  is  on  nearly  a  hori- 
zontal plane ;  the  top  of  the  skull  in  passing  forward  over  the  brain  descends 
as  steeply,  and  in  Gypochelys  Temminckii  much  more  steeply,  than  in  passing  over 
the  front  part  of  the  head,  so  that  we  have  here  none  of  the  angle  which  in 
the  Trionychidaj  is  caused  by  the  turning  down  of  the  front  part  of  the  skull 
The  ear  region  is  broad  from  the  brain-box  outward,  but  short  from  behind  for- 
ward. The  mastoid  is  short  ;  its  hind  surface  reaches  more  upward  than  back- 
ward, and  the  os  quadratum  below  descends  in  nearly  a  line  with  it;  thus  the  back 
of  the  head  is  high,  broad,  and  square.  The  crest  on  the  brain-box  is  high. 
The  pterygoids  are  narrow,  and  their  edges  are  deeply  concave.  The  breadth  of 
the  ear  region,  the  height  of  the  crest,  and  the  narrowness  of  the  pterygoids,  unite 
to  give  room  for  the  attachment  and  passage  of  very  large  temporal  muscles. 
The  arch  from  the  ear  to  the  eye,  made  up  of  the  jugal,  postfrontaL  and  tem- 
poral bones  is  broad ;  the  parietals  project  sidewise,  and,  for  some  distance  back  of 
the  eyes,  unite  with  the  postfrontals  in  making  a  continuous  arch  over  the  head ; 
moreover  the  openings  for  the  eyes  and  nose  are  small.  Thus  the  head  is  much 
more  protected  by  bone  than  in  any  other  family  of  the  sub-order,  but  much 
less  than  in  the  sea  Turtles,  for  there  the  bony  arch  reaches  to  the  hind 
extremity  of  the  head,  whereas  here  the  ear  region  is  exposed  from  above.  The 
sphenoid  is  short,  and  does  not  extend  nearly  the  whole  length  of  the  pterygoids. 
The  jaws  are  strong ;  they  have  sharp  alveolar  edges,  and  are  pointed  at  the 
symphyses. 

The  free  skin  is  loose,  and  very  movable  on  the  neck  and  limbs  ;  it  does 
not  close  around  the  legs  above  the  knees  and  elbows,  and  below  incloses  them 
only  loosely.  The  shield  is  covered  with  large  horny  epidermal  scales,  the  arrange- 
ment of  which  presents  rather  generic  than  family  characters,  especially  those  of 
the  plastron.  The  free  skin,  where  it  is  most  exposed,  especially  on  the  under 
surfaces  of  the  limbs,  on  the  whole  front  limbs  below  the  elbows,  on  the  neck 
just  behind  the  head,  and  on  the  tail,  thickens  at  numerous  points  into  a  kind 
of  tubercles,  and  on  these  tubercles  the  epidermis  is  hardened  into  a  kind  of  scales. 


of  the  body  lakes  in  locomotion,  in  this  family,  re- 
minds us  rather  of  the  character  of  the  whole  ver- 
tebral column  in  the  other  Reptile*,  in  which  it  con- 
stitutes the  principal  organ  of  locomotion.  Thus  we 
have  heru  a  character  which  is  rather  Reptilian  than 
Chrloninn  ;  and  Uiis  coincides  remarkably  with  the 
comparatively  greater  length  of  the  tail  in  all  the 


Testudinata  during  their  earlier  stages  of  develop- 
ment. This  resemblance  of  the  Chelydroids  and 
other  Reptiles  is  no  doubt  hinted  at  in  the  vernac- 
ular name  under  which  the  most  common  North 
American  species  is  known  all  over  the  southern 
United  States,  where  it  is  called  Alligator-Couta, 
from  (he  similarity  of  its  tail  to  that  of  an  Alligator. 
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On  the  legs  some  of  these  tubercles  are  enlarged,  and  their  scales  form  sharp 
projecting  ridges  ;  along  the  top  of  the  tail  there  is  a  row  of  very  strong  and 
large  tubercles  of  this  kind,  and  there  are  many  other  large  ones  about  the  tail 
generally,  forming  on  some  parts  of  it  a  continuous  covering. 

The  animal  lives  mostly  in  the  water,  but  makes  considerable  passages  over- 
land. It  does  not,  like  the  Trionychida?,  remain  burrowed  in  the  soft  muddy 
bottom,  but  rather  lies  in  wait  for  prey  under  shelving  banks,  or  among  the  reeds 
and  rushes.  It  moves  over  the  bottom  with  long  strides,  touching  it  with  the 
feet,  and  also  striking  the  water  with  the  broad  surface  of  the  feet  and  of  the 
legs.  Both  in  the  water  and  on  dry  land,  the  limbs  move  in  a  much  more 
nearly  perpendicular  plane  than  in  the  Trionychida?,  and  the  body  is  raised  high 
from  the  ground ;  on  dry  land,  a  considerable  part  of  the  weight  of  the  body 
thus  raised  is  borne  by  the  long,  strong  tail,  which  reaches  down  to  the  ground. 
When  the  animal  is  at  rest,  the  elbow  is  brought  up  and  back,  and  a  little  inward  ; 
the  forearm  is  turned  down,  and  the  flat  of  the  foot  rests  on  the  ground ;  the 
knee  is  carried  forward  but  little  upward,  the  leg  below  the  knee  is  turned  back 
upon  the  femur,  and  the  foot  again  turned  forward,  resting  on  the  ground  ;  the 
neck  is  withdrawn  so  as  to  carry  the  back  part  of  the  head  under  the  carapace ; 
the  tail  is  bent  to  one  side.  See  PI.  4  and  5.  In  this  position,  the  head,  the 
limbs,  and  the  tail  are  ready  for  action,  the  hind  pairs  of  limbs  well  protected 
by  their  position  under  the  body,  and  all  withdrawn  nearly  as  far  as  they  can  be. 
When  danger  approaches,  the  animal  does  not  try  to  withdraw  its  head  and  limbs 
further  into  the  shield,  but  resorts  to  a  more  active  defence.  It  faces  the  attack, 
raises  itself  upon  the  legs  and  tail,  highest  behind,  opens  widely  the  mouth,  and, 
throwing  out  the  head  quickly  as  far  as  the  long  neck  will  allow,  snaps  the  jaws 
forcibly  upon  the  assailant,  at  the  siime  time  throwing  the  body  forward  so  pow- 
erfully as  often  to  come  down  to  the  ground  when  it  has  missed  its  object.  As 
far  as  regards  the  will  of  the  animal,  this  is  almost  the  exclusive  mode  of  defence, 
for  it  is  slow  to  retreat,  and  cannot  withdraw  entirely  into  the  shield.  It  catches 
its  prey  in  a  similar  way,  by  throwing  the  head  forward. 

Many  of  the  most  important  distinguishing  characters  of  this  family  may  clearly 
be  traced  to  its  peculiar  habits.  For  example,  the  height  and  exposed  condition 
of  the  front  end,  the  descent  of  the  shield  behind,  the  position  of  the  limbs  and 
consequent  form  and  small  size  of  the  plastron,  the  breadth  of  the  hind  part  of 
the  head,  the  strength  of  the  neck  and  of  the  longissimus  dorsi,  the  consequent 
flattening  of  the  upper  surface  over  the  latter,  and  the  size  of  the  tail  ;  indeed, 
nearly  all  the  prominent  characters  given  above  are  plainly  connected  with  the 
most  marked  peculiarity  in  the  mode  of  life  of  the  family,  namely,  the  defence 
by  action  with  the  jaws,  instead  of  a  quiet  retreat  into  the  shield. 
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There  is  something  fierce  and  defiant  in  the  attitude  of  these  Turtles,  at  the 
moment  they  raise  themselves  to  dart  at  their  enemies,  or  to  seize  upon  their 
prey.  They  are  as  ferocious  as  the  wildest  beast  of  prey  ;  but  the  slowness  of 
their  motions,  their  inability  to  repeat  immediately  the  attack,  their  awkwardness 
in  attempting  to  recover  their  balance  when  they  have  missed  their  object,  their 
haggard  look,  and  the  hideous  appearance  of  their  gaping  mouth,  constitute  at  such 
times  a  picture  as  ludicrous  as  it  is  fearful  and  revolting.  Their  strength  is 
truly  wonderful.  I  have  seen  a  large  specimen  of  Gypochelys  Temminckii  bite 
off  a  piece  of  plank  more  than  an  inch  thick.  They  take  hold  of  a  stick  with 
such  tenacity  that  they  may  be  carried  for  a  considerable  distance  suspended  to 
it  free  above  the  ground.  Their  food  consists  entirely  of  aquatic  animals;  fishes 
and  young  ducks  are  their  ordinary  prey.  They  lay  a  considerable  number  of 
spherical  eggs,  from  twenty  to  forty  and  more,  which  they  deposit  not  far  from  the 
water,  in  holes  which  they  dig  themselves,  with  their  hind  legs,  upon  sloping  hanks. 
These  eggs  are  rather  small  in  comparison  to  the  size  of  the  animal,  about  the 
size  of  a  small  walnut.  Their  shell  is  not  brittle,  nor  is  it  as  flexible  as  that 
of  most  of  the  other  Turtles. 


Under  the  name  of  Sternotha>rina,  Th.  Bell  has  described  a  group  of  fresh- 
water Turtles1  which  embraces  three  distinct  types  so  widely  different,  that,  in  the 
present  state  of  our  knowledge  of  these  animals,  they  cannot  be  arranged  together 
upon  any  consideration.  One  of  these  types  is  the  African  genus  StcrnotLuerus, 
which  belongs  to  the  Pleurodere^s,  and  for  which  the  family  name  proposed  by 
Bell  must  be  maintained,  as  a  matter  of  course.  The  second  type  is  that  of 
the  genus  Cistudo,  which  truly  belongs  to  the  family  of  Emydoidaj,  as  will  be 
shown  in  the  next  section.  The  third  type  embraces  the  genera  Cinostemuiu, 
Sjyis.,  and  Staurotypus,  Wagl.,  which  are  the  leading  representatives  of  the  family 
of  Cinosternoida;,  as  characterized  below.  In  the  same  year  in  which  Bell  char- 
acterized the  genus  Sternothamis,  J.  E  Gray  distinguished  also  a  section  in  the 
family  of  Emydoida',  under  the  name  of  Terrapheniua,*  which  corresponds  exactly 

1  Zool.  Joum.,  vol.  2,  1825,  p.  290.  «  Ann.  of  Philosophy,  1825,  vol.  10,  p.  211.  The 

1  See,  above,  p.  .138.  note,  niune  ought  lo  be  written  Terrapenina. 
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to  the  Stcrnothterina  of  Bell.  As  the  name  of  that  group  is  derived  from  the 
genus  Terrapene,  Mer.,  which  at  that  time  was  restricted  by  Gray  to  the  commou 
Cistudo  of  the  United  States,  it  applies  as  little  to  the  family  of  Cinosternoida; 
as  that  of  Bell.  Major  LeConte,  in  his  late  attempt  to  classify  the  Testudinata,1 
has  also  perceived  the  impropriety  of  leaving  the  genera  Staurotypus  and  Cinos- 
ternum  among  the  true  Einydoidre,  and  placed  them  in  his  second  family  with 
Chelydra.  Were  not  the  Trionychida?  also  embraced  by  him  in  that  family,  this 
change  would  have  constituted,  in  my  opinion,  one  of  the  most  important  improve- 
ments recently  introduced  in  the  classification  of  the  Testudinata,  for  Cinostcrnum 
and  Staurotypus  are  as  remote  from  the  true  Emydoidie  as  Chelydra  itself,  and 
more  closely  allied  to  Chelydra  than  to  any  other  family  among  the  Amyda\ 
though  they  constitute  also  a  distinct  family,  the  characters  of  which  now  follow. 

The  body  is  long  and  narrow.  The  flattened  part  of  the  lower  surface  upon 
which  it  rests  is  much  larger  than  in  the  Chelydroida?,  occupying  at  least  one  half 
of  the  width  across  the  middle,  and  continuing  broad  forward,  between  the  shoul- 
ders, to  its  front  end,  and  backward,  under  the  pelvis  and  hip  joints,  to  its  hind 
end,  so  that  the  space  between  it  and  the  projecting  outer  edge  of  the  body 
above  is  much  less  in  this  family.  The  outer  edge  of  the  body  is  not  nearly 
as  high  at  the  front  end  as  in  the  Chelydroida?,  yet  it  descends  steeply  to  about 
midway,  but  keeps  upon  nearly  the  same  level  around  the  hind  end.  The  upper 
surface  rises  along  its  middle  line,  from  the  front  end  to  the  middle  of  the  body 
and  beyond,  to  near  the  seventh  dorsal  vertebra,  from  whence  it  falls  steeply 
to  the  hind  end;  consequently  the  body  is  highest  far  back  of  a  transverse 
section  through  the  middle  of  the  body;  and  as  the  hind  end  is  as  broad,  or 
broader,  than  the  front,  the  bulk  of  the  body  is  also  thrown  backward.  These 
peculiarities  will  always  clearly  distinguish  the  carapace  of  this  family  from  the 
shed-roof  of  the  Chelydroida?,  or  the  more  regularly  arched  cuirass  of  the  Emy- 
doidae.  As  the  outer  edge  falls  from  the  front  end  backward,  while  the  middle 
line  rises,  the  upper  surface,  in  order  to  reach  the  margin,  has  to  descend  far 
down  on  either  side,  except  about  the  front  end,  and,  as  the  body  is  never  wide, 
it  must  descend  steeply.  The  outer  edge  of  the  carapace  is  raised,  all  round, 
considerably  above  the  lower  flattened  surface  of  the  body.  It  meets  the  plas- 
tron, and  is  sutured  to  it  along  the  two  marginal  plates  which  correspond  to  the 
third  and  fourth  ribs,  and  is  there  slightly  turned  inward  and  downward;  but 
from  this  suture,  either  way  about  the  ends  of  the  body,  it  projects  free,  a  little 
distance  beyond  the  attached  surface,  and  flares  outward. 

The  free  edges  of  the  plastron,  that  is,  the  outer  edges,  where  not  joined  to 

1  Proc.  Acnd.  Nat.  Sc.  of  Philadelphia,  1834. 


Digitized  by  Google 


348 


AMERICAN  TESTUDINATA. 


Part  II. 


the  carapace,  also  project  beyond  the  attached  surface  of  the  body.  Ah  the  flak 
tened  surface  is  so  broad  here,  the  bridge  which  connects  it  with  the  outer  edge 
of  the  carapace  is  much  shorter  than  in  the  Chelydroida?,  and  rises  more  steeply, 
but  its  ends  are  less  concave,  and  it  is  broader. 

The  whole  shield  is  ossified.  The  arrangement  of  the  bony  plates  is,  in  some 
respects,  quite  peculiar.  The  costal  plates  are  constant,  eight  in  number;  the 
marginal  plates,  too,  are  constant ;  there  is  one  odd  one  at  each  end,  one  for 
each  costal,  and  two  from  the  front  odd  one  to  the  first  of  those  which  arc 
attached  to  the  ends  of  the  ribs,  and  one  from  the  last  of  these  to  the  hind 
odd  one,  making  twenty-four  in  all.  But  the  vertebral  row  is  deficient ;  it  varies 
in  number  from  five  to  seven,  the  last  two  or  three  being  wanting,  so  that  the 
upper  ends  of  the  corresponding  eostals  meet  one  another,  and  sometimes  the 
front  one  is  equally  wanting,  so  that  the  first  eostals  meet  also.  The  plastron, 
in  the  adult  at  least,  is  made  up  of  only  eight  plates,  four  pairs ;  for  there  is 
no  odd  one,  as  in  all  the  other  families  of  the  sul>-order.  In  consequence  of 
the  absence  of  an  odd  bone  in  the  plastron,  the  median  suture  extends  without 
interruption  from  one  end  of  the  plastron  to  the  other,  dividing  it  into  equal 
halves  along  the  middle  line.  The  two  pairs  of  plates,  which  reach  entirely 
across  the  body,  and  are  sutured  to  the  carapace,  do  not  make  up  more  than 
one  third  of  the  whole  length ;  they  are  but  little  longer  in  the  body  of  the 
plastron  than  in  the  bridge  from  thence  to  the  carapace.  The  front  and  hind 
pairs  are  both  broad  as  well  as  long ;  they  are  generally  joined  to  the  other 
pair  by  a  flexible  hinge,'  except  the  hind  pair  in  Ozotheca ;  but  in  old  age 
these  hinges  are  cither  partially  or  completely  ossified.  The  middle  transverse 
suture  is  always  thoroughly  ossified,  and  never  flexible. 

The  fixed  part  of  the  vertebral  column  rises  backward  with  the  middle  line 
of  the  carapace  nearly  to  the  seventh  vertebra,  and  thence  descends  steeply. 
The  tail  is  never  long  and  strong  enough  to  aid  in  bearing  the  weight  of  the 
body,  as  it  is  in  the  Chclydroidie.  In  the  males  it  is  much  larger  and  longer 
than  in  the  females,  and  terminates  with  a  horny  nail. 

The  body  projects  farther  beyond  the  upper  part  of  the  scapular  arch  than  in 
the  Emydoichv,  and  that  arch  is  carried  far  back  in  descending  to  the  plastron, 
so  far  that  the  coracoid  reaches  across  the  middle  transverse  suture.     The  pelvis, 


1  The  movable  part*  of  the  plastron  are  thus 
different  in  their  composition  ami  in  their  attachment 
(tan  those  of  Ci-tudo  and  Kniys,  inasmuch  as  in 
CinoMernoidn?  they  swing  u|>on  nn  immovable,  trans- 
verse beam,  consisting  of  two  pairs  of  plates  which 


are  soldered  to  thr  sides  of  the  parapace,  while  in  the 
Kmydoids  with  movable  plastron  the  hinge  divides 
the  whole  plastron  transversely  into  hnlves  which 
swing  npini  one  another,  and  the  sides  of  the  phistron, 
where  they  meet  the  carapace,  remain  also  movable. 
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too,  in  descending  to  the  plastron,  reaches  fur  forward ;  it  is  short  across  the  pubis 
and  ischium,  and  the  processes  of  the  puhis  extend  sidewise  rather  than  forward ; 
the  iliac  hones  arch  outward,  but  are  about  the  same  width  apart  at  the  shoul- 
der joints  as  at  the  sacrum.  The  shoidder  apparatus  and  pelvis  approaching  each 
other  so  nearly  at  the  plastron,  and  filling  the  intervening  space  with  their  mus- 
cles, press  the  organs  of  digestion  and  respiration,  and  the  other  viscera,  up  into 
the  carapace.  The  bones  of  the  shoulder  apparatus  and  of  the  pelvis,  and  those  of 
the  legs  and  feet,  are  all  slender.  The  feet  are  short  and  round.  The  toes  are 
freely  movable,  and  joined  by  a  web,  and  the  whole  foot  very  flexible  within 
itself,  and  at  the  joint  with  the  forearm  and  leg. 

The  head  is  long  from  the  orbits  of  the  eye  backward,  and  short  from  thence 
forward ;  it  is  pointed  in  front.  The  upper  maxillaries  and  intermaxillaries  retreat 
backward  and  inward,  so  as  to  make  the  mouth  small,  and  carry  it  far  inward, 
under  the  head.  The  outer  surface  of  the  lower  jaw  also  retreats  in  the  same 
manner,  so  that  the  sides  of  the  front  part  of  the  head  slant  inward  from  the  top 
to  the  bottom.  This  makes  the  lower  jaw  short,  and  enables  the  temporal  mus- 
cles to  act  upon  it  to  advantage.  These  muscles  have  a  long  attachment  to  it,  and 
are  themselves  very  large,  so  that  the  bite  of  the  animal  is  strong.  The  alveolar 
surfaces  are  broad,  and  the  edges  sharp ;  the  lower  juw  always  terminates  in  a 
sharp  point  The  trough  by  the  side  of  the  brain-box,  over  which  the  temporal 
muscles  pass,  is  very  long;  but  the  mastoids  project  but  little  backward,  beyond  it 
The  arch  from  the  top  of  the  skull,  back  of  the  eye,  is  very  short;  thus  differing 
essentially  from  the  broad  roof  of  the  Chelydroidse.  The  temporal  arch,  from  the 
ear  opening  forward,  over  the  temporal  muscle,  is  wide.  The  maxillaries  reach 
back  under  the  jugals  to  the  temporals.  The  bottom  of  the  skull-box  and  the 
palate  rise  continually  forward  to  the  nasal  region,  and  approach  so  nearly  to 
the  top  of  the  skull  as  to  leave  only  just  room  enough  for  the  passage  of  the 
olfactory  nerve.  The  neck  is  long,  but  has  not  nearly  as  large  a  muscular 
apparatus  as  in  the  Chelydroida? ;   it  is  also  much  more  slender. 

The-  shield  is  everywhere  covered  on  the  outside  with  large  homy  epidermal 
scales,  which,  in  different  genera,  present  considerable  differences  in  their  arrange- 
ments, especially  upon  the  plastron.  The  free  skin  is  loose,  and  folded  around 
the  body  and  limbs;  its  epidermis  is  thickened  into  scales  in  several  isolated 
places  on  the  legs,  and  under  the  feet,  and  there  only  these  scales  are  contin- 
uous and  imbricated.  The  average  size  of  the  representatives  of  this  family  is 
smaller  than  in  any  other  family  of  Testudinata.  The  largest,  which  is  about 
nine  inches  long,  is  not  nearly  as  large  as  the  smallest  of  the  Chelydroida4,  or 
as  the  largest  of  either  of  the  other  families;  and  the  smallest  Ozotheea,  which  is 
about  four  inches  long,  is  not  larger  than  the  smallest  of  the  Emydoidaj. 
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The  animal  dwells  mostly  in  the  water,  but  comes  out  from  time  to  time 
and  basks  in  the  sun  on  the  shore,  or  on  any  exposed  surface,  usually  in  such 
a  position  that  at  the  first  approach  of  danger  it  may  drop  directly  down  into 
the  water,  or  reach  it  quickly.  The  slender  legs  are  ill  fitted  for  travelling 
on  dry  land,  but  easily  carry  the  body  through  the  water  over  its  bottom. 
When  surprised  away  from  the  water,  the  animal  seeks  the  nearest  hiding-place ; 
if*  the  danger  is  close  at  hand,  it  quickly  withdraws  the  exposed  parte  into  the 
shield,  and,  if  pressed  still  farther,  it  resorts  at  last  to  biting,  not  throwing  the 
head  quickly  and  forcibly  out  as  the  Chelydroidae  do,  but  stretching  it  out  rather 
slowly  towards  the  assailant,  and  then  snapping  the  jaws  forcibly  upon  it.  The 
manner  of  withdrawing  the  legs  is  very  peculiar.  The  fore  legs  are  carried  round 
before  the  body;  the  elbow,  somewhat  raised,  is  carried  directly  back  by  the 
side  of  the  head  and  neck  into  the  scapular  urch,  the  skin  at  the  same  time 
rolling  off  towards  the  feet  and  shoulders,  and  leaving  its  muscles  as  naked  as 
those  of  the  neck  and  scapular  arch  about  it;  the  forearm  is  turned  back,  but 
not  quite  on  to  the  humeral;  the  hand  is  either  laid  in  against  the  head  and 
neck,  or  turned  back  on  to  the  humerus.  See  PL  4  and  5.  The  hind  legs  are 
withdrawn  nearly  horizontally,  the  knees  like  the  elbows,  though  in  a  less  degree, 
stripped  of  the  skin ;  the  foreleg  is  turned  back  upon  the  femur,  and  the  foot 
again  turned  forward  upon  the  foreleg.  The  tail  is  turned  to  one  side.  The 
head  is  drawn  bock  to  within  the  scapular  arch,  the  skin  rolling  off  from  the 
neck,  but  not  folding  together  before  the  head,  as  in  the  Emydoidse.  When  the 
plastron  is  hinged,  its  ends  arc  raised  so  that  the  limbs  arc  pressed  still  farther 
up  into  the  carapace. 

The  food  is  principally  animal,  but  whether  exclusively  so  or  not,  I  do  not 
know.  As  stated  above,  the  habits  of  these  Turtles  are  entirely  aquatic.  Their 
natural  dispositions  are  a  singular  mixture  of  shyness  and  of  fierceness.  They 
remind  us  of  the  Insectivora  among  Mammalia,  the  rapacious  habits  of  which 
are  also  in  strange  contrast  with  their  small  size  and  feebleness.  Their  motions 
are  also  quick,  though  awkward,  and  almost  feverish.  When  they  bite,  they 
strike  repeated  blows,  darting  the  head  only,  and  not  the  whole  body,  as  the 
Chelydroida'  do,  —  the  short  tail,  and  especially  the  slender  limbs,  affording  no 
adequate  means  to  throw  forward  the  whole  bulk  of  the  animal  with  sufficient 
force  to  aid  in  the  assault. 

The  Cinosternoidaj  lay  few  eggs  only,  from  three  to  five,  which  they  deposit 
on  the  shore  near  the  water's  edge,  in  holes  dug  with  their  hind  legs.  The 
eggs  have  the  form  of  a  rather  elongated  ellipse,  with  very  blunt  ends.  They 
have  a  shining  glazed  surface,  much  smoother  than  that  of  other  Turtles.  Their 
shell  is  very  thick  and  brittle,  even  more  so  than  in  the  Trionychida\ 
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SECTION  VIII. 

THE  FAMILY  OF  EMYDOIDiB. 

Since  the  genus  Testudo  of  Linnaeus  began  to  be  subdivided  into  minor  group*, 
and  before  the  family  of  Emydoidse  was  circumscribed  within  its  present  limits, 
the  fresh-water  Turtles  have  been  combined,  by  different  authors,  in  various  ways 
with  one  another  and  with  the  land  Turtles.1  J.  E.  Gray  tells  us,  that  Th.  Bell 
was  the  first  to  consider  them  as  a  separate  family,*  distinct  from  the  Triony- 
chidaj,  which,  five  years  later,  are  still  united  with  them  by  Waglcr."  At  that 
time,  however,  Gray  associated  the  Chelyoida?  with  the  Emydoiduj ;  and  though  he 
afterwards  separated  these  two  families,  the  Emydoidas  still  include  the  Chclydroidae 
and  the  Cinosternoidaj  in  his  latest  publications.*  Fitzinger,"  in  1826,  and  Wieg- 
mann,*  in  1832,  adopted  also  the  family  of  Emydoidai  as  distinct  from  the  Trio- 
nychidaa  or  ChiloUc,  while,  in  183C,  Canino7  considers  it  as  a  sub-family  of  the 
Testudinida?,  as  lie  calls  the  Amyda?,  exclusive  of  the  Trionychidae.  In  1835, 
Dumt-ril  and  Bibron"  unite  the  Emydoidne  and  Chelyoidre  as  one  family,  under 
the  name  of  Elodites;  distinguishing,  however,  the  EmydoidaB  as  Elodites  Crypto- 
deres,  to  which  they  still  refer  Chelydra  and  Cinosternum,  from  the  Chelyoidae, 
which  they  call  Elodites  Pleuroderes. 

This  is  by  far  the  most  numerous  family  in  the  order,  as  it  includes  over 
sixty  well  known  species ;  it  presents  also  the  broadest  range  of  differences  in  hab- 
its, size,  and  structure. 

The  body  rests  upon  a  very  broad  and  long  flattened  surface.  It  is  high, 
and  arched  upward  botb  lengthwise  and  crosswise,  highest  and  broadest  about  the 
middle.  The  median  longitudinal  arch  is  not  regular,  but  descends  more  steeply 
as  it  approaches  the  ends  ;  the  sides,  too,  curve  more  sharply  around  the  ends 
than  about  the  middle  ;  the  outlines,  however,  have  no  well  defined  angles  so  com- 
bining as  to  divide  the  body  into  distinct  regions,  but  run  gradually  into  one 
another,  and  the  whole  carapace  is  like  an  overturned  elongated  bowL     The  plas- 


1  Comp.  Chapt.  1,  S*>ct.  2,  p.  241. 

*  See  J.  E.  GrnyN  genera  of  Reptiles  in  Ann.  of 
Philcw.  1823,  vol.  10,  p.  210,  where  that  family 
name  is  spelled  Emydidjr.  Bell  also  writes  it  Emy- 
dkbe  in  the  Zool.  Journ.  1823,  vol.  2,  p.  302. 

*  Nutiirl.  System  iler  Ampliibien,  1830. 


4  Cat.  Ilrit.  MM.  1844. 

•  Neue  Ciassif.  der  Rcptilien,  1826;  under  the 
name  of  Emydoidea. 

•  Handb.  d.  Zool.  1832. 

'  Chelon.  Tab.  Anal.  1836. 

•  Erpet.  gener.  vol.  2d,  1835. 
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tron  is  very  large,  underlying  the  whole  lower  surface.  The  carapace  is  raised 
considerably  above  the  flattened  part  of  the  lower  surface,  and  its  outer  edge, 
where  it  meets  the  plastron,  is  turned  abruptly  downward  and  somewhat  inward, 
and  the  adjoining  edge  of  the  plastron  Is  turned  abruptly  upward  and  somewhat 
outward.  The  edges  meet  thus,  and  are  joined  from  the  first  to  the  fifth  rib, 
so  that  a  large  part  of  the  body,  including  the  bulk  of  the  organs  of  digestion, 
circulation,  and  respiration,  and  situated  under  the  second,  third,  and  fourth,  and 
parts  of  the  first  and  fifth  costal  plates,  is  completely  encircled  by  the  shield. 
The  body  itself  is  broadest  here,  and  narrows  rapidly  to  the  ends.  The  free  edges 
of  the  carapace,  that  is,  the  edges  which  do  not  meet  the  plastron,  project  beyond 
the  body,  and  flare  outward ;  the  free  edges  of  the  plastron  also  project  beyond 
the  body,  so  that  the  exposed  parts,  at  the  openings  about  the  ends,  are  protected 
by  projections  of  the  shield,  above  and  below.  Where  the  body  is  entirely  encircled, 
the  shield  fits  closely  to  it ;  still,  on  account  of  the  greater  expansion  of  this  region, 
the  flattened  surface  of  the  plastron  under  it,  and  the  arch  of  the  carapace  over  it, 
arc  nearly  or  quite  as  broad  as  they  are  at  the  ends,  where  the  edges  project  The 
fixed  part  of  the  vertebral  column  is  arched  for  its  whole  length,  its  highest  point 
being  nearly  over  the  middle  of  the  body :  the  arch,  however,  like  that  of  the  cara- 
pace over  it,  is  irregular,  descending  more  steeply  near  the  hind  end,  but  the  point 
where  the  change  takes  place  is  hardly,  if  at  all,  perceptible ;  indeed  the  change 
is  but  slight,  and  the  whole  may  be  considered  as  one  arc,  whose  cord  makes,  with 
the  lower  surface  of  the  body,  an  angle  opening  forward.  The  iliac  bones  are 
nearly  parallel,  making  the  pelvis  about  as  wide  across  the  hip  joints  as  across  the 
sacrum ;  they  reach  but  little  forward  in  descending  from  the  sacrum ;  the  scap- 
ular arch  retreats  but  little  in  descending,  and  the  coracoid  does  not  reach  the 
middle  transverse  suture  of  the  plastron ;  the  shoulders  are  wide  apart  Thus  the 
pelvis  and  shoulder  apparatus  do  not  closely  approach  one  another,  as  in  the 
Cinosternoida?  and  Cylidroida?;  but  the  viscera  within  come  down  on  to  the  plastron 
between  them,  and  the  limbs  are  carried  out  nearer  the  ends  and  sides  of  the 
body.  The  legs  are  stronger  than  in  the  Cinosternoida».  The  toes  vary  widely 
with  the  habits  of  the  animal ;  in  the  most  aquatic  species  they  are  long,  joined  by 
a  broad  web,  and  capable  of  being  widely  spread;  in  those  that  live  on  land,  they 
are  shorter  and  less  flexible,  and  the  web  disappears  ;  but  in  none  are  the  feet 
stiff  enough  to  raise  the  weight  of  the  body  upon  the  ends  or  last  joints  of  the 
toes,  as  is  the  case  with  the  fore  feet  of  the  Testudinina. 

The  sides  of  the  head  are  pretty  regularly  curved  from  end  to  end,  and  widest 
apart  between  the  ear  and  eye  openings.  The  mastoids  reach  far  backward  and 
upward,  and  are  long,  rounded,  and  pointed  ;  the  front  wall  of  the  ear  cavity 
reaches  forward  as  well  as  outward  from   the   brain-box.     The   brain-box  is  con- 
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nected  with  the  nasal  region  by  a  long,  narrow  sulcus,  for  the  passage  of  the 
olfactory  nerve.  The  palatines  rise  continually  from  the  suture  with  the  ptery- 
goids to  the  prefrontals,  but  at  their  front  ends  they  are  considerably  lower  clown 
from  the  top  of  the  skull  than  in  the  Cinosternoidas.  The  prefrontals  meet  from 
the  foramen  olfactorium  down  to  the  vomer;  they  retreat  below  the  foramen.  The 
upper  maxillarics  and  the  intermaxillaries  do  not,  as  in  the  Cinosternoidie,  retreat 
in  such  a  manner  as  to  carry  the  mouth  far  inward  under  the  head,  but  are 
more  nearly  perpendicular,  thus  leaving  the  mouth  larger;  the  jugals  come  down 
between  the  maxillarics  and  the  temporals,  except  that  sometimes  a  very  narrow  pro- 
cess from  the  former  projects  back  under  the  jugals,  and  meets  another  from  the 
temporals.  The  jaws  vary  widely,  but  never  terminate  in  the  long,  strong,  sharp 
points  which  exist  in  the  Cinostemoidae. 

The  shield  is  not  completely  ossified  till  late  in  life,  and  the  bony  plates  are 
very  constant  and  regular  in  their  arrangement  The  carapace  consists  of  the  usual 
eight  costal  plates  on  each  side,  of  eight  vertebral  plates  attached  to  the  fixed  ver- 
tebra?, and  of  two  more  plates  not  so  attached,  which  continue  this  row  backward 
to  the  marginal  rim ;  in  the  run  there  are  eleven  pairs  of  plates  and  one  odd  one 
at  each  end,  making  in  all,  twenty-four  marginal  plates.  The  number  of  plates  in 
the  vertebral  row  varies  a  little,  but  the  row  itself  is  always  continuous  from  the 
odd  marginal  plate  at  the  front  end  to  the  one  at  the  hind  end.  The  plastron 
consists  of  nine  plates,  four  pairs  and  one  odd  one.  The  first  pair  lies  across  the 
front  end,  before  the  shoulder  apparatus,  and  under  the  extended  neck ;  it  is  the 
shortest  and  smallest  The  second  and  third  pairs,  as  in  the  other  families,  reach 
clear  across  the  body,  and  unite  with  the  carapace  on  either  side ;  these  two  pairs 
arc  much  longer  in  the  body  of  the  plastron  than  in  the  bridge  which  extends 
from  thence  to  the  carapace ;  they  make  more  than  two  thirds  of  the  whole  plastron. 
The  bridge  sends  off  from  each  end  a  long  process,  which  is  fixed  into  the  cara- 
pace above;  when  the  plastron  is  hinged,  these  processes  are  very  small,  or  entirely 
wanting.  The  hinge,  when  it  exists,  is  always  between  the  two  middle  pairs,  and 
never,  as  in  the  Ciuosternoidse,  between  them  and  the  adjoining  pairs.1  When  there 
is  a  hinge,  the  edges  of  the  carapace  and  plastron  are  united  by  a  narrow,  flexible, 
unossified  dermal  ligament  The  odd  plate  is  just  back  of  the  suture  which  unites 
the  first  pair  to  one  another,  and  between  the  fore  part  of  the  edges  of  the  next 
pair;  it  sends  back  a  slender,  pointed  process  for  some  distance  over  the  suture  of 
the  second  pair.  The  fourth  pair  lies  under  the  pelvic  region  ;  it  is  larger  than 
the  first  pair,  but  smaller  than  the  second  or  third. 

Large  epidermal  scales  cover  the  outside  of  the  whole  shield,  the  form  and 

1  Compare  the  note  of  p.  348. 
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arrangement  of  which  vary  Homewhat  in  different  genera.  The  skin  of  the  head, 
neck,  limbs,  and  tail,  is  all  more  or  less  covered  with  scales,  and  where  the  sur- 
face is  exposed,  when  the  limbs  are  retracted,  or  when  the  animal  is  walking,  the 
scales  arc  imbricated,  and  form  a  continuous  covering. 

The  habitat  varies  widely  in  this  family.  Nearly  all  live  more  or  less  in 
the  water,  in  marshes  and  pools,  or  along  the  edges  of  ponds  and  still  streams ; 
but  one  genus,  at  least,  never  seeks  the  water,  and  with  those  that  do,  the  pro- 
portion of  life  passed  in  that  element  varies  exceedingly;  indeed,  the  family  pre- 
sents a  gradual  scries,  from  those  which  are  almost  exclusively  aquatic  to  those 
which  live  always  on  land.  In  swimming,  the  feet  and  legs  move  in  a  plane 
nearly  parallel  to  that  in  which  the  body  Ls  moving,  that  is,  horizontal,  if  the 
animal  is  moving  horizontally.  In  walking,  also,  the  humerus  and  femur  move 
nearly  horizontally,  which  is  made  necessary  by  the  great  width  of  the  plastron 
under  them  ;  but  at  the  elbows  and  knees,  which  move  around  or  beyond  the 
edge  of  the  plastron,  the  legs  are  turned  down  to  an  angle,  greater  or  less, 
according  as  the  body  is  raised  to  a  greater  or  less  height  from  the  ground;  but 
the  kuee,  even  when  brought  farthest  forward,  is  never  opened  to  a  right  angle, 
as  it  is  in  the  Testudinina,  and  the  body  is  not  raised  up  upon  the  ends  of  the 
toes  of  the  fore  feet,  but  the  whole  foot  of  both  pairs  is  brought  to  the  ground. 
Thus  the  body  is  not  carried  so  high  as  in  the  Testudinina,  and  the  gait  is 
much  less  firm  and  steady.  When  molested,  these  Turtles  resort  to  the  nearest 
hiding-place  ;  the  aquatic  species,  if  near  the  water,  seek  that  as  the  first  shel- 
ter; if  hindered  in  this,  they  withdraw  the  head,  limbs,  and  tail  into  the  shield, 
and,  if  pressed  still  further,  they  stretch  out  the  head  and  bite.  When  they  retreat 
within  the  shield,  the  head  is  carried  far  back  between  the  shoulders,  and  the  neck 
drawn  in  naked  among  the  viscera ;  the  legs  arc  folded  between  the  inner  parts  of 
the  projecting  free  edges  of  the  shield,  and  the  tail  is  turned  to  one  side. 

The  knees  and  elbows  do  not,  as  in  the  Cinostcrnoida?,  slip  in  naked  among 
the  viscera,  but  the  skin  keeps  its  position  close  around  them.  The  humerus  is 
carried  round  before,  and  almost  directly  across,  the  front  end  of  the  body,  but  a 
little  raised  at  the  elbow  ;  the  forearm  is  turned  back  upon  the  humerus,  and 
the  foot  upon  the  shoulder,  the  toes  reaching  to  the  shield  where  the  edges  of 
the  carapace  and  plastron  meet.  See  PI.  1,  2,  3,  4,  and  5.  The  elbows  do  not 
come  together,  but  leave  room  between  them  for  the  passage  of  the  head.  The 
head  is  often  placed  between  the  elbows,  but  sometimes  drawn  further  back  ;  in  the 
latter  case,  the  skin  folds  together  before  it  The  femur  is  carried  round  by  the 
side  of  the  pelvic  region,  so  as  to  reach  almost  directly  forward,  but  a  little  upward ; 
the  foreleg  is  turned  back  upon  the  femur,  and  the  foot  so  turned  forward  that 
the  inner  edge  rests  upon  the  foreleg.     When  the  limbs  are  in  this  position,  the 
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toes  of  the  hind  feet  arc  at  or  very  near  the  shield  where  the  edges  of  the  car- 
apace and  plastron  meet,  so  that  the  entire  surface  on  each  side  between  the  fore 
and  hind  leg  is  protected  by  the  bridge  which  connects  the  lower  flattened  sur- 
face of  the  plastron  with  the  outer  edge  of  the  carapace.  Thus  the  retracted 
limbs  and  the  tail  are  placed  nearly  horizontally  between  the  projecting  free  edges 
of  the  carapace  and  plastron ;  but  when  the  plastron  is  hinged,  its  ends  are  raised, 
and  they  are  pushed  further  upward  and  inward. 

The  size  varies  exceedingly  in  this  family  ;  it  is  larger  than  in  the  Cinos- 
ternoidae,  and  smaller  than  in  the  Testudinina.  The  smallest  known  species,  Emys 
Muhlenbergii,  is  about  four  inches  long;  the  largest,  Ptychemys  rugosa  and  concinna, 
are  about  fifteen  inches  long.     The  largest  species  are  among  the  most  aquatic. 

None  of  the  species  catch  active  prey,  or  are  in  any  way  ferocious  ;  they 
are  indeed  entirely  harmless,  and  only  when  hard  pressed  defend  themselves  by 
biting;  they  do  not,  however,  snap  repeatedly  with  the  head  against  their  assailants, 
as  the  Cinosternoida)  do.  Their  food  is  both  vegetable  and  animal ;  the  latter  they 
tear  with  the  jaws,  holding  it  down,  when  necessary,  with  the  fore  feet.  In  cap- 
tivity, they  are  very  fond  of  worms,  and  green  leaves,  and  berries ;  the  more  ter- 
restrial species  feed  upon  grass. 

The  Emydoidae,  like  all  other  Turtles,  lay  their  eggs  upon  dry  land,  in  holes 
which  they  dig  themselves  with  their  hind  legs.  The  number  of  eggs  they  deposit 
at  one  time  varies  more,  with  different  species,  than  in  any  other  family.  The 
more  terrestrial  species  lay  the  fewest  eggs,  from  two  to  three,  to  five  or  seven; 
while  the  aquatic  species  lay  many  more,  from  ten  to  fifteen,  to  twenty,  thirty, 
and  even  more.  The  form  of  the  eggs  is  that  of  a  more  or  less  elongated 
ellipse;  the  shell  is  never  brittle,  but  rather  flexible,  and  less  calcareous  than  in 
most  other  families. 

The  minor  differences  of  form,  observed  among  the  Emydoidae,  suggest  the  fol- 
lowing subdivisions,  which  appear  to  bear  the  character  of  sub-families;  but,  until  I 
have  examined  a  greater  number  of  the  species  found  in  South  America  and  in 
the  Old  World,  I  do  not  venture  to  insist  upon  the  accuracy  of  their  limits. 

1.  N ectem v do i d .e.  The  body  is  rather  flat  The  bridge  connecting  the  plas- 
tron and  carapace  is  wide,  but  flat  The  hind  legs  are  stouter  than  the  fore  legs, 
and  provided  with  a  broad  web,  extending  beyond  the  articulation  of  the  nail 
joint  The  representatives  of  this  group  are  the  largest  and  the  most  aquatic  of 
the  whole  family. 

2.  Deirocheltoid.e.  The  body  is  higher  and  more  elongated ;  the  bridge  con- 
necting the  plastron  and  carapace  is  not  only  wide,  but  at  the  same  tune  high. 
The  plastron  itself  is  narrower  than  in  the  preceding  tribe.  The  neck  is  remark- 
ably long  and  snake-like,  and  recalls  that  of  the  Chelodinao  among  the  Pleuroderes. 
The  feet  are  webbed. 
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8.  Evehydoid.*.  Differ  chiefly  from  the  preceding  by  the  great  width  and  flat- 
ness of  the  plastron,  the  narrowness  of  the  bridge  which  unites  the  plastron  and 
carapace,  and  the  movability  of  the  plastron,  at  its  junction  with  the  carapace, 
and  upon  itself,  owing  to  a  transverse  articulation  across  its  middle.  The  feet 
are  webbed. 

4.  Clkmmydou*^.  Their  chief  peculiarity  consists  in  their  more  arched  though 
elongated  form,  and  the  more  compact  structure  of  their  feet,  the  front  and  hind 
pairs  of  which  are  more  nearly  equal,  and  the  toes  united  by  a  smaller  web. 
They  are  less  aquatic,  and  generally  smaller  than  the  preceding. 

5.  CisTUDixiNA.  The  body  is  remarkably  short  and  high,  slightly  oblong,  and 
almost  round.  The  plastron,  which  is  movable  upon  itself  and  upon  the  cara- 
pace, as  in  the  Evemydoidaj,  is  also  connected  with  the  carapace  by  a  narrow 
bridge;  but  the  feet  are  very  different,  the  toes,  as  in  the  Testudinina,  being  nearly 
free  of  web.     Their  habits  are  completely  terrestrial. 


SECTION  IX. 

THE  FAMILY  OF  TESTCDIXINA. 

The  land  Turtles  are  now  generally  considered  as  a  primary  division  among 
the  Testudinata.  J.  E  Gray  was  the  first  to  separate  them,  under  the  name  of 
Testudinida?,  as  a  distinct  family,1  which  was  soon  afterwards  adopted  by  Fitzin- 
ger*  and  Th.  Bell.8  In  1828,  Ritgen  changed  the  name  of  the  family  to  Cher- 
sochelones.4  In  1830,  Wagler*  proposed  the  name  of  Tylopodes  for  this  same 
family,  which  he  considers,  however,  only  as  a  tribe  of  the  one  family  Testudines, 
to  which  he  refers  all  the  Testudinata.  In  1832,  Wiegmann*  considers  them 
again  as  a  family,  which  he  calls  Chersina?,  while  Caiuno,7  considering  them  only 


>  Ann.  of  Phil.  1825,  vol.  10.  In  all  his  later 
writing*,  Gray  retains  the  name  of  Testudinids: ;  but 
a*  Testudo  is  a  Latin  noun,  it  does  not  admit  of  a 
patronymic  ending.  The  family  name  of  the  land 
Turtles  should,  therefore,  be  written  Testudinina. 

*  Fitzinger,  Xcue  Classification,  etc.,  1826,  writes 
the  family  name  Testudinoids  ;  but  in  183G,  Syst. 
Anord.  d.  Schildkr.,  he  adopts  Wagler's  name,  Tylo- 
podes, changing  it  to  Tylopoda. 

•  Bell  (Th.),  in  Zool.  Journ.  1828,  vol.  S,  p. 
419  and  513.    lie  also  writes  the  name  Ttttudimdoe. 


«  Nov.  Act  Acad.  Nat  Cur.  1828,  vol.  14. 

»  Wagler,  Natiirl.  System  d.  Amphibien,  1830. 

*  Handb.  d.  Zool.  1832. 

'  Saggio  An.  Vert  1832;  compare  also  Chelon. 
Tab.  And.  1836.  The  family  to  which  Canino  refers 
the  Testudinina  is  called  by  him  Testudinidc,  and  U 
not  to  be  confounded  with  thu  Tcstudinidie,  Gray,  as 
it  embraces,  besides  the  land  Turtles,  all  the  other 
Amyda-,  to  the  exclusion  of  the  Trionychids  only, 
which  he  separates  as  another  family  coequal  with  the 


Digitized  by  Google 


Chap.  n. 


THE  TESTUDININA. 


357 


as  a  sub-family,  calls  them  Testudinina.  In  1835,  DumeVil  and  Bibron1  admit  this 
group  again  as  a  family,  but  change  the  name  to  Chersites.  As  this  family  stands 
at  the  head  of  the  series,  it  needs  only  to  be  compared  with  the  Emydoidw,  which 
are  next  below. 

As  in  the  Eniydoidae,  the  body  rests  upon  a  broad,  flat  surface,  but  here  it 
continues  broad  and  full  much  higher  up.  There  is  a  general  equilibrium  through- 
out the  body;  and  corresponding  parts,  between  a  middle  transverse  section  and  the 
two  ends,  pretty  evenly  balance  one  another.  The  whole  form  is  distinguished  by 
the  division  of  its  outlines  into  three  well  defined  regions:  a  middle  region,  includ- 
ing the  organs  of  digestion,  respiration,  and  circulation,  and  extending  from  the  first 
and  second  pairs  of  ribs,  or,  what  is  the  same,  from  the  scapular  arch  nearly  to 
the  seventh  pair,  and  two  other  regions  situated  at  the  ends,  including  and  pro- 
tecting the  extremities  and  some  adjoining  organs.  The  middle  region  is  very  high, 
broad,  and  long,  and  forms  much  the  larger  part  of  the  body ;  its  sides  arch  out- 
ward from  end  to  end,  but  the  cords  of  their  arcs  are  nearly  parallel;  the  top 
is  straight,  or  arched  upward  ;  when  straight,  it  is  nearly  parallel  to  the  lower 
Burface,  and  when  arched,  its  cord  is  so.  Thus  the  whole  region  is  quite  sym- 
metrical, and  its  ends  are  nearly  equal,  and  very  large.  The  anterior  and  posterior 
regions  are  comparatively  short  and  small,  and  the  curves  which  close  the  ends  of 
the  body  necessarily  drop  abruptly  down,  and  turn  abruptly  about  them,  to  meet 
the  outlines  of  the  middle  region  at  sharp  and  well  defined  angles. 

In  most  genera,  the  top  and  sides  of  the  middle  region  are  only  slightly  arched 
from  end  to  end  ;  but  in  Psammobatcs,  and  in  Cylindraspis,  they  are  so  much  raised 
as  to  obscure,  at  first  sight,  the  distinction  between  the  bulk  of  the  body  and  the 
ends.  Again,  the  symmetry  of  the  middle  region  is  somewhat  disturbed  by  varia- 
tions in  the  thickness  of  the  shield,  and  by  a  somewhat  greater  elevation  of  the  hind 
end ;  but  neither  of  these  modifications  rises  to  importance  in  reference  to  the  essen- 
tial characters  of  the  form;  and  on  examination,  the  upper  surface,  divided  and  spe- 
cialized as  it  is,  is  readily  distinguished  from  the  simply  arched,  bowl-like  upper  sur- 
face of  the  Emydoidtc.  The  regions  at  the  ends  very  evenly  balance  one  another 
in  bulk,  but  differ  considerably  in  form  ;  the  front  one  is  shorter  and  broader 
at  the  front  end,  the  other  more  elongated  and  narrowed  toward  the  hind  end ; 
the  upper  surface  descends  also  much  lower  behind  than  in  front  As  in  the 
Emydoidaj,  the  openings  about  the  ends,  for  the  protrasion  of  the  extremities,  are 
narrow  and  small.  The  carapace  is  rawed  considerably  above  the  plastron,  a 
part  of  its  edges  turned  abruptly  downward  and  inward,  and  joined  to  the  corre- 
sponding edges  of  the  plastron,  which  are  turned  abruptly  upward  and  outward,  and 
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the  free  edges  above  and  below  project  beyond  the  attached  surface  of  the  body. 
The  middle  region  is  the  part  entirely  encircled  by  the  shield.  As  this  region 
is  here  so  predominant,  the  plastron  is  longer  and  broader  under  it,  and  its 
suture  with  the  carapace  longer,  and  the  openings  about  the  ends  shorter,  than 
in  the  Emydoidae.  The  other  parts  of  the  plastron,  that  is,  the  parts  which  under- 
lie the  regions  at  the  ends,  are  comparatively  short  and  small,  narrowing  rapidly 
towards  the  ends  of  the  body ;  indeed,  they  are  so  reduced  as  to  appear  like  mere 
projections;  they  are  both  turned  out  of  the  general  level  of  the  lower  surface,  the 
front  one  turned  up  and  the  hind  one  turned  down.  The  hind  one  does  not  under- 
lie the  whole  of  its  region,  but  the  body  projects  beyond  it  all  around  the  sides  and 
hind  end,  so  that  the  opening  is  outside  as  well  as  above  it  There  is  a  broad 
Bpace  between  its  outer  end  and  the  carapace  behind ;  and,  when  it  is  longest, 
this  end  is  deeply  notched.  The  projecting  free  edges  of  the  carapace  flare  out- 
ward over  these  openings.  Over  the  one  about  the  hind  end  of  the  body,  it  flares 
outward  considerably  at  the  sides,  but  less  and  less  backward,  untU,  just  behind 
the  tail,  it  continues  the  steep  descent  of  the  carapace  above,  directly  down,  and 
reaches  nearly  or  quite  as  low,  and  often  lower,  than  the  general  level  of  the 
plastron.  » 

The  shield  is  entirely  ossified,  and  the  general  arrangement  of  all  the  bony 
plates  is  similar  to  that  which  we  find  in  the  Emydoida? ;  but  the  marginal  plates 
are  longer,  and  the  two  pairs  in  the  plastron  which  are  sutured  to  the  carapace 
larger,  than  in  that  family.  To  meet  the  neck,  the  first  one  or  two  fixed  vertebra? 
are  turned  down  more  steeply  than  the  carapace  above ;  the  first  one  is  in  the 
front  margin  of  the  body.  Over  the  middle  region,  the  column  follows  the  general 
direction  of  the  carapace  above,  and  with  it  turns  abruptly  down,  shortly  before 
reaching  the  sacrum,  and  continues  in  its  steep  descent  through  the  latter,  and  to 
the  end  of  the  tail.  As  the  sacrum  is  so  high  up  here,  the  vertebral  column  below 
is  necessarily  very  long,  before  it  reaches  the  surface  of  the  body ;  it  protrudes 
but  little,  and  the  skin  does  not  close  around  it  till  very  near  the  end,  so  that 
there  is  only  a  short,  stubbed  tail  visible.  The  vertebra}  of  this  part  of  the  col- 
umn are  flattened  on  the  upper  and  lower  surfaces. 

The  scapular  arch  is  nearly  perpendicular,  and  very  high  ;  the  acromion  and 
coracoid  process  arc  both  short,  and  the  shoulders  not  wide  apart  ;  the  humerus  is 
broad  at  the  elbow  joint  and  the  tibia  and  fibula  make  the  forearm  broad  ;  the 
bones  of  the  wrist,  hand,  and  fingers,  are  all  short  and  compact,  and  move  but 
little  upon  one  another,  or  upon  the  end  of  the  forearm.  The  fingers  are  all 
close  together,  down  to  the  last  joints ;  these  joint*  protrude  free,  and  are  covered 
with  flat,  sharp  nails.  When  the  muscles  and  skin  are  attached,  the  foot  is  kept 
nearly  on  a  plane  with  the  forearm  above,  and  the  whole  liinb  below  the  elbow  is 
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either  one  continuous  broad  blade,  or  a  club-shaped  stump,  terminating  in  flat,  spade- 
like  nails.  The  pelvis  is  long  from  the  sacrum  downward,  and  short  from  behind  for- 
ward, over  the  pubis  and  ischium ;  it  is  wider  across  the  hip  joints  than  across  the 
sacrum.  It  will  be  noticed,  that  the  dimensions  of  the  pelvis  and  shoulder  appara- 
tus agree  with  the  proportions  of  their  regions  of  the  body,  which  are  both  high  and 
short.  The  bones  of  the  feet  and  ankles  are  short  and  close  together,  the  last  joint 
of  the  four  inner  toes  only  protruding  free ;  these  joints  are  covered  with  sharp 
nails,  narrower  and  more  pointed  than  those  of  the  fore  feet  There  is  little  move- 
ment between  the  bones  of  the  feet  and  ankles  upon  one  another,  or  upon  the 
end  of  the  foreleg;  the  foot  is  turned  forward  at  the  ankle,  and  the  nails  turned 
down  ;  and,  when  the  muscles  and  skin  arc  attached,  the  whole  limb  below  the 
knee  is  club-shaped,  largest  at  the  bottom,  resting  on  a  flat,  round  base,  and  having 
four  nails  protruding  forward  and  downward  from  the  front  part  of  its  lower 
edge. 

The  end  and  sides  of  the  front  part  of  the  head  are  high.  The  nasal  region 
is  broad,  and  the  eyes  wide  apart  The  nasal  cavity  reaches  back,  at  the  top, 
with  its  whole  width,  to  the  brain  cavity,  which  is  also  wide  here,  and  the  two  are 
separated  from  one  another  by  a  thin,  narrow  strip  of  bone,  which  is  perforated 
by  the  foramen  olfactorium ;  below  this  narrow  strip  the  prefrontals  do  not  meet, 
and  there  is  a  large  round  opening  between  them,  above  the  vomer.  These  two 
cavities  fill  the  upper  part  of  the  wide  space  between  the  eyes,  but  below  they 
recede  from  one  another,  and  the  space  between  them  is  filled  by  the  palate, 
which  is  raised  high  up  at  its  back  end,  and  continues  so  to  the  prefrontals, 
arching  somewhat  on  the  way.  The  alveolar  margin  is  turned  directly  down- 
ward, and  terminates  in  a  sharp  edge  ;  the  alveolar  surface  within  is  occupied 
by  two  other  ridges,  and  the  intervening  furrows ;  one  of  the  ridges  on  the  inner 
edge,  and  one  between  it  and  the  outer.  The  lower  jaw  is  high,  its  alveolar 
surface  narrow,  with  sharp  edges,  and  both  turned  up  so  as  to  leave  a  trough 
between,  which,  when  the  jaws  are  closed,  fits  on  to  the  middle  ridge  of  the 
upper  jaw.  The  front  wall  of  the  car  cavity  docs  not  reach  so  far  forward,  at 
its  outer  edge,  as  in  the  Emydoidav  The  mastoids  are  short  and  blunt,  and 
reach  no  farther  back  than  the  occipital  condyle,  so  that  the  hind  part  of  the 
head  is  broad  and  flattened. 

The  shield  is  entirely  covered,  on  the  outside,  with  epidermal  scales,  and  the 
skin  is  everywhere  more  or  less  protected  with  them;  and  on  the  most  exposed 
parts  they  are  thick  and  stiff,  and  form  a  continuous  hard  covering,  much  more 
impenetrable  than  in  the  Emydoidae.  The  parts  thus  protected  are  the  top  and 
aides  of  the  head,  the  front  surface  and  the  edges  of  the  front  legs,  from  the  elbow 
down  to  the  finger  nails,  and  up  a  little  way  toward  the  shoulders,  the  bottom 
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of  the  hind  feet,  and  over  the  heel,  and  a  little  way  above  the  back  Biirface  of 
the  hips,  and  the  space  intervening  between  them,  and  over  the  upper  Burfnce 
of  the  tail. 

The  size  in  this  family  is  greater  than  in  any  other  of  the  sub-order.  The 
Gallapago  Turtle,  Cylindrapis  indica,  may  be  rated  at  about  three  feet,  the  African 
Coui,  Psammobates  radiatus,  at  eighteen  inches,  the  South  American  Chelonoides 
tahulata  at  fifteen,  our  Gopher,  Xerobates  carolinus,  at  twelve,  and  the  common 
European  land  Turtle,  Testudo  grorea,  at  eight  inches  in  length.  Thus  they  are 
all  comparatively  large,  —  except  the  European  species,  which  is  the  smallest  of  the 
wbole  family,  —  and,  on  the  whole,  by  no  means  as  small  as  some  of  the  Emy- 
doidaj;  but  the  great  height  and  fulness  of  the  body  make  the  relative  size  still 
much  larger  than  the  comparison  of  their  length  alone  would  indicate. 

This  family  live  entirely  on  dry  land  ;  and  when  placed  in  the  water,  they 
try  to  walk  as  if  on  land,  having  no  true  swimming  motion.  In  walking,  they 
carry  the  body  high  up  from  the  ground ;  the  legs  are  not  spread  so  far  apart, 
and  move  in  a  plane  more  nearly  perpendicular,  than  in  the  Emydoidaj  ;  more- 
over, as  the  hands  are  fixed  in  the  plaue  of  the  forearm,  the  body  is  raised 
up  on  the  ends  of  the  fingers,  or  at  least  upon  the  last  joints  ;  the  hind  legs 
rest  indeed  upon  the  whole  lower  surface  of  the  foot  but  the  knee  joint,  when 
the  foot  is  first  brought  to  the  ground,  is  open  to  about  a  right  angle,  and  the 
foreleg,  which  is  always  long,  is  nearly  perpendicular,  so  that  this  end  of  the  body  is 
raised  to  about  the  same  height  as  the  other.  They  walk  with  a  firmer  and  more 
steady  gait,  and  travel  for  a  distance  with  greater  rapidity,  or  rather  less  slowly, 
than  any  other  Turtles.  The  front  leg  is  carried  forward,  and  the  sharp,  spade-like 
nails  being  fixed  to  the  ground,  the  body  is  pulled  toward  it.  the  elbow  joint  closing, 
and  the  forearm  and  humerus  approaching  one  another.  The  deltoid  muscles,  which 
do  the  most  in  pulling  the  body  forward,  arc  here  very  largely  developed.  The 
hind  leg  is  carried  round  to  the  side  of  the  pelvis,  so  that  the  humerus,  then 
nearly  horizontal,  reaches  almost  directly  forward  ;  the  knee  is  bent  to  about  a 
right  angle,  and  the  whole  lower  surface  of  the  foot,  with  the  nails,  rests  upon 
the  ground  ;  then  as  the  body  is  pushed  forward,  the  angle  of  the  knee-joint 
opens,  and  the  leg  straightens  out  The  simultaneous  opening  of  the  knee  and 
closing  of  the  elbow  keep  the  body,  while  moving,  steady  on  one  plane,  and 
there  is  here  a  regularity  in  the  walking  motion  far  beyond  that  of  any  other 
family  of  Testudinata. 

The  animal  has  nothing  of  the  ferocious  dispositions  of  most  other  families  ; 
it  always  retreats  from  attack,  and  will  not  bite,  even  when  pushed  to  extremity; 
it  first  seeks  some  hiding-place,  but  if  it  is  hindered  in  this,  and  the  danger  is 
close  at  hand,  it  resorts  to  its  shield,  and  trusts  solely  to  it  for  protection.  The 
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head  is  withdrawn  far  back,  but  the  skin  dews  not  roll  off  from  the  neck  so  far 
as  to  fold  together  before  it,  as  in  the  Emydoidtv.  The  humerus  is  carried  round 
before  the  body,  the  knees  brought  together  before  the  head,  and  the  forearm  and 
hand  turned  back  upon  the  humerus.  See  PI.  3.  The  knees  meet  before  the 
hum«rttt  reaches  directly  across  the  body,  and  they  are  somewhat  raised  above  the 
shoulders,  which  is  made  necessary  by  the  rise  of  the  plastron  forward,  so  that 
the  humerus  reaches  somewhat  outward  and  upward,  and  not  exactly  across  the 
body.  The  blade  formed  of  the  forearm  and  hand  is  nearly  as  broad  as  the 
opening  about  this  end  of  the  body,  and  when  the  knees  are  brought  together 
the  opening  is  almost  entirely  closed,  and  the  surface  of  the  forearm  and  hand 
exposed  before  it  The  femur  is  carried  to  the  side  of  the  pelvis,  reaching  upward 
as  well  as  forward,  so  that  the  knee  is  raised  high  up  within  the  carapace  ;  the 
foreleg  is  turned  down  and  back  upon  the  femur,  and  the  foot  and  hip  thus  brought 
together  occupy  the  whole  open  space  by  the  side  of  the  plastron,  so  that  the  hot- 
torn  of  the  foot  and  the  hind  surface  of  the  hip  only  are  exposed.  The  short, 
stubbed  tail  is  bent  directly  forward  (when  longest  a  little  curved)  between  the 
hips,  so  as  to  cover  most  of  the  surface  behind  the  pelvis.  All  the  parts  exposed 
when  the  limbs  arc  thus  withdrawn  are  covered  with  thick,  hard  scales. 

The  food  of  this  family  is  exclusively  vegetable.  They  seem  to  prefer  the 
succulent  stems  of  plants  and  fleshy  fruits  to  leaves  or  grass.  1  have  often  seen 
our  Gopher  gnawing  the  stumps  of  cabbage  and  the  apples  falling  from  the  trees, 
in  my  garden,  as  the  squirrels  do,  holding  them  between  their  feet  This  vegetable 
diet  seems  to  affect  essentially  the  structure  of  the  digestive  apparatus,  for  in  our 
Gopher  (the  only  genus  examined)  the  large  intestine  is  longer  than  all  the  rest 
of  the  alimentary  canal,  including  the  stomach  and  oesophagus,  whereas  in  no  one 
of  the  many  genera  which  have  been  examined  of  the  families  of  Emydoida?,  Cinos- 
teraoidxe,  and  Chelydroidae,  does  the  proportion  reach  as  high  as  one  to  five.  The 
lungs  are  very  much  larger  in  the  Testudinina  than  in  any  other  family  of  the  sub- 
order, which  is  undoubtedly  due  to  the  exclusively  terrestrial  habits  of  the  animal. 

These  two  peculiarities  of  structure,  the  great  length  of  the  large  intestine,  and 
the  large  size  of  the  lungs,  directly  traceable  to  the  habits  of  life,  go  far  towards 
giving  the  middle  region  of  the  body  its  peculiar  size  and  form.  A  connection 
will  readily  be  seen  also  between  the  proportions  of  the  terminal  regions,  which 
are  high  and  short,  and  the  manner  of  walking  and  of  withdrawing  the  limbs,  inas- 
much as  the  legs  move  in  a  plane  so  nearly  perpendicular,  and  the  knee  and 
elbow  joints  are  raised  when  retracted  so  high  up  within  the  carapace.  Again,  the 
equilibrium  throughout  the  body  is  clearly  connected  with  the  steady,  straightfor- 
ward motion  in  walking.  Thus  this  family  exhibits,  more  closely  than  any  other, 
the  direct  relation  which  exists  between  the  form  and  structure. 
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ON  THE  BRAIN  OF  THE  DIFFERENT  FAMILIES  OF  NORTH  AMERICAN  TURTLES. 

In  the  description  of  the  families  of  Testudinata,  given  in  the  preceding  sec- 
tions, only  snch  structural  features  have  been  considered  as  bear  directly  upon 
the  form  of  the  animal.  It  would,  however,  be  very  interesting  to  ascertain 
further,  how  far  the  form  of  all  the  different  organs  is  also  characteristic  of 
families  in  general,  especially  since  it  has  already  been  shown  that  the  devel- 
opment of  some  of  the  organs,'  at  least,  has  an  immediate  influence  upon  the 
form  of  the  body;  but  I  have  thus  far  refrained  from  making  such  an  inves- 
tigation, as  it  would  require  more  extensive  comparisons  than  could  properly 
be  introduced  in  this  part  of  my  work.  Yet,  as  I  knew,  from  dissections  made 
upon  a  large  scale,  many  years  ago,  that  the  form  of  the  brain  is  characteristic 
of  the  different  families  of  Fishes,  I  have  thought  it  desirable  to  extend  these 
comparisons  to  the  Testudinata,  in  order  not  to  leave  the  subject  entirely  out  of 
sight  The  result  of  this  comparison  coincides  fully  with  that  obtained  in  the 
class  of  Fishes.  It  stands  proved,  that  while  the  form  of  the  brain  has  no 
immediate  bearing  upon  the  form  of  the  skull*  and  of  the  head  in  general,  it 
is  yet  typical  in  every  family. 

All  Turtles  agree  among  themselves  very  remarkably  in  the  structure  of  the 
brain.  From  the  large  hemispheres,  the  transverse  diameter  of  which  is  about 
equal  to  one  half  of  its  whole  length,  the  brain  grows  narrow  forward  and 
backward.  The  relations  of  the  different  parts  of  the  brain  are  remarkably 
constant  in  the  whole  order  of  Testudinata ;  so  much  so,  that,  of  all  the  organs, 
the  brain  seems  the  least  likely  to  undergo  deeper  modifications  in  one  and  the 
same  group,  and  therefore  to  be  not  only  one  of  the  most  important  organs 
of  the  Vertebrata,  but  also  one  of  the  most  characteristic,  in  a  zoological  point 
of  view.  However  much  the  Turtles  may  assume,  in  their  external  organization, 
characters  of  the  higher  Vertebrata,  (of  Birds  and  Mammalia,  for  instance*)  still, 
in  relation  to  the  brain,  they  preserve  fully  the  Reptilian  character.  Their  brain 
remains  slender  and  long.  This  fact  is  very  striking  when  we  compare  the  head 
of  a  Turtle  with  that  of  a  Mammal  or  that  of  a  Bird.4     The  skull  of  a  Turtle 

1  See  Chap.  1,  Sect.  11.  p.  282.  «  Comp.  Chap.  1,  Sect.  18,  p.  308-312. 

*  This  result  is  in  glaring  contradiction  with  the  *  In  these,  the  brnin-hox  is  much  more  distinct 

doctrines  of  Phrenology.  from  the  bones  of  the  face  and  jaw*  than  in  Turtles. 
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is  compact,  like  that  of  a  Mammal,  and  generally  very  broad ;  but  the  bruin-box 
and  the  brain  are  slender  and  small,  while  in  all  Mammalia  and  in  nil  Birds, 
in  which  latter  the  skull  is  often  very  slender,  the  brain  is  broad,  short,  and 
high.  The  large  development  of  the  muscles,  and  especially  of  the  bony  frame- 
work of  the  head,  and  not  that  of  the  brain,  accounts  for  the  broad  form  of 
the  Bkull  of  the  Testudinata,  the  locomotive  apparatus  of  the  powerful  jaws  being 
chiefly  placed  on  the  sides  of  the  skull.  As  we  have  already  given  a  brief 
sketch  of  the  brain  of  Turtles  in  general,  when  treating  on  their  nervous  sys- 
tem,1 we  have  now  only  to  compare  the  brains  of  different  families  with  each 
other. 

In  spite  of  the  constancy  in  the  proportions  of  the-  brain,  in  the  whole 
order,  some  differences  may  be  noticed  when  comparing  singly  the  parts  of  the 
brain  of  different  families  with  one  another.  In  the  first  place,  it  may  be 
remarked,  that  the  two  sub-orders  described  above  as  Chelonii  and  Aniyda?  seem 
as  well  justified  by  the  peculiarities  of  their  brain  as  by  the  other  characters 
they  exhibit  In  the  sub-order  of  Chelonii  proper,  the  large  hemispheres  are 
more  cylindrical,  nearly  as  high  as  broad,  and,  without  broadening  and  forming 
an  outgrowing  angle  behind,  they  taper  into  the  posterior  part  of  the  brain,  the 
corpora  quadrigemina;  while,  on  the  contrary,  in  all  the  Amyda?,  the  hemispheres 
are  much  more  depressed,  generally  marked  with  some  folds,  and  always  widen 
backwards,  so  as  to  form  there  on  abrupt  angle  with  the  rest  of  the  brain. 
This  is  particularly  the  case  in  Trionychida?,  much  less  so  in  Chelydroidae,  more 
again  in  Cinostcrnoidae,  ond  still  more  in  Emydoidro  and  in  the  land  Turtle*.  In 
this  respect  tho  latter,  the  Tcstudinino,  stand  next  to  the  Trionychida?,  which,  as  far 
as  this  point  is  concerned,  seem  to  rank  first  The  large  hemispheres  are  nearly 
smooth  in  Trionyx ;  in  the  Emydoids,  and  still  more  in  Testudo,  we  see  fine  folds 
run  along  them.  The  corpora  quadrigemina  are  largest  in  proportion  to  the  hemi- 
spheres, and  more  longitudinal  in  Chelonii  proper,  smaller  and  more  rounded  in 
Amyda?,  and  often  nearly  entirely  received  into  the  posterior  excavation  of  the  hemi- 
spheres, as  in  Trionyx.  The  cerebellum  is  remarkably  high  in  sea  Turtles;  it  is  flatr 
ter  and  thinner,  more  like  a  bridge,  over  the  fourth  ventricle,  in  the  Amyda}.  It  is 
remarkably  broad  in  Trionyx  and  Emys,  narrower  in  Cinosternoida)  and  in  Che- 
lydroidae. In  sea  Turtles,  the  fourth  ventricle  is  narrow;  brooder  in  the  Amyda;, 
and  very  wide  in  land  Turtles.  In  Trionychida?,  Chelydroidae,  Cinosternoida?,  and 
Emydoida?,  the  whole  ventricle  has  a  constant  typical  shape;  that  is  to  say,  it  is 
much  more  slender  when  compared  with  that  of  the  land  Turtles,  and  broader  in 
front;  then  follows  a  contraction,  when  it  widens  again,  and  runs  out  into  a  long, 

1  Comp.  Chap.  1,  Sect.  8,  p.  274. 
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pointed  angle.  This  contraction  is  greatest  in  the  Cinosternoida>,  less  in  Chelydroida?, 
Trionychida?,  and  Emydoida?.  The  hind  part  of  the  ventricle,  which  follows  the  con- 
traction, is  very  long  in  Trionychida?,  Cinosternoida?,  and  Chelydroida?,  hut  less  ho  in 
Emydoida?.  In  hind  Turtles,  the  ventricle  is  very  wide ;  the  contraction  in  the  mid- 
dle is  nearly  wanting,  and  the  whole  is  very  short  In  relation  to  this  ventricle, 
Cistudo  shows  again  beautifully  its  standing  as  the  highest  among  the  Emydoida?, 
and  next  to  Testudo.  Its  ventricle  is  broader  and  shorter  than  in  any  other  of 
the  Einydoida?.  The  lobi  olfactorii  are  generally  very  much  developed  in  Turtles, 
and  the  nervi  olfactorii  rather  strong.  They  are,  however,  different  in  different 
families:  longest  and  most  slender  in  sea  Turtles,  very  short  and  strong  in  land 
Turtles,  more  slender  again  in  Chelydroida?,  Cinosternoida?,  Trionychida?,  and  Emy- 
doida1. Accordingly  the  cavity  of  the  nose  also  is  very  large  in  the  herbivo- 
rous laud  Turtles,  smaller  in  Chelonii  proper,  as  well  as  in  Emydoida;,  Cinoster- 
noida4, Chelydroida>,  and  smallest  in  Trionychida?,1  in  which  the  sense  of  smelling, 
in  spite  of  that  long,  protracted  proboscis,  seems  very  little  developed,  as  is  gen- 
erally the  case  in  aquatic  animals.  In  Testudo,  and  in  Chelonii  proper,  the  hemi- 
spheres and  the  nervi  olfactorii  lie  in  a  thick  cartilaginous  trough,  which  extends  as 
far  as  the  nasal  cavity.  This  trough  is  very  broad  and  rather  short  in  Testudo; 
narrow  and  long,  on  the  contrary,  in  Chelonii  proper,  according  to  the  propor- 
tions of  the  lobi  and  of  the  nervi  olfactorii.  In  all  the  other  Turtles  that  trough 
is  much  thinner ;  in  some,  as  in  Cinosternoida?,  it  is  little  more  than  a  stiff 
membrane.  This  trough  is  in  fact  nothing  but  a  part  of  the  cartilaginous  skull- 
box,  which  remains  unossified  throughout  life.  We  find  also  some  marked  differ- 
ences in  relation  to  the  nervi  optici.  In  Trionychidu',  the  two  nerves  pierce  the 
trough,  mentioned  above,  very  near  together,  so  as  nearly  to  touch  one  another; 
on  the  contrary,  in  Testudo  the  nerves  separate  widely  before  they  run  through 
the  skull-box,  and  the  distance  between  the  two  holes  through  which  they  pass 
is  about  as  great  as  the  breadth  of  the  lobi  olfactorii  above  them.  In  Cinos- 
ternoida' and  Emydoida?  (including  Cistudo)  we  find  the  holes  for  these  nerves 
as  near  together  as   in  Trionyx;    in  sea  Turtles   only   they   arc   more  distant, 


1  Tlio  whole  of  that  long,  protrarted  nose  so  char- 
acteristic of  the  TrionychidiE,  U  not  so  much  an 
organ  of  smelling  (as  the  proboscis  of  some  Mamma- 
lia, the  South  American  Nasua,  for  instance)  as  an 
organ  of  respiration,  and  probably  also  of  touch. 
These  Turtles,  while  lying  in  shallow  water,  stretch 
out  their  nose  from  time,  to  time  to  the  surface  of  the 
water  for  the  sake  of  breathing ;  but  under  the  water, 
when  moving  in  the  mud,  this  long  proboscis  has  very 


likely  a  similar  function  to  the  long,  protracted  pro- 
boscis of  the  Shrews  and  Moles,  when  burrowing 
under  ground,  and  groping  for  worms  and  larva-  of 
Insects.  Trionyx  may  find  its  food  in  the  same  way, 
which  consists  in  mud  shells  (as  l'uludinas  and  Ano- 
dontns)  and  larva;  of  Neuroptera,  by  feeling  alwut 
with  its  proboscis.  Its  fleshy  lips,  the  use  of  which 
is  not  yet  known,  may  help  in  the  search,  as  they 
are  movable. 
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though  not  nearly  bo  much  so  as  in  Testudo,  After  the  nerves  have  passed  the 
skull-box,  they  run,  in  Trionyx,  first  sideways  in  a  right  angle,  and  after  a  short 
while,  in  a  second  knee,  forward  to  the  eyes.  In  Testudo  they  run  also  side- 
ways in  nearly  a  right  angle,  hut  pass  into  the  eyes  without  forming  a  second 
knee ;  in  Emydoidm  they  bend  in  a  wide  angle,  or  rather  in  a  curse,  forward 
and  sideways ;  while  in  Chelydra  and  Cinostcrnum  they  run  very  much  on  in  Tri- 
onyx ;  finally,  in  Chelonii  proper  they  run  forward  and  sideways,  as  in  Emydoida?. 

Though  there  can  be  no  doubt  that  the  brain  is  the  organ  to  which  all  the 
passive  and  the  active  manifestations  of  the  psychical  life  of  vertebrate  animals 
must  be  referred,  nothing  is  yet  known  of  the  ways  in  which  the  peculiar  kinds 
of  psychical  manifestations  of  an  animal  arc  connected  with  the  peculiarities  of 
structure  of  its  brain.  This  is  a  field  hardly  touched  yet  by  naturalists,  though 
a  knowledge  of  these  relations  alone  can  give  its  deeper  value  to  the  morphol- 
ogy of  the  brain.  Comparative  anatomists  must  confess,  that  thus  far  the  innu- 
merable mwlifications  in  the  form  of  the  brain  of  Vertebrata  have  in  no  way 
been  brought  into  causal  relation  with  the  peculiar  psychical  faculties  of  the 
animals  in  which  they  are  observed.  Nay,  animals  which  have  entirely  different 
habits  have  sometimes  identical  brains,  for  instance,  Salmo  and  Coregonus ;  while 
others,  which  hardly  differ  in  their  mode  of  life,  present  great  differences  in  this 
respect,  for  instance,  Acipenser,  and  the  large  species  of  the  Catostomus  tribe. 


SECTION  XI. 

DIFFERENCES  IN  THE  MODE  OF  LIFE  OF  TESTCDINATA. 

A  knowledge  of  the  mode  of  life  of  animals  is  generally  considered  as  fur- 
nishing, at  the  outset,  a  test  of  their  internal  organization,  and  the  means  of 
ascertaining  the  degree  of  their  affinity.  Although  this  is  true  in  a  certain 
sense,  the  limits  within  which  there  exists  such  a  correlation  between  the  habits 
of  animals  and  their  structure  are  not  at  all  defined.  Among  Mammalia,  it 
would  seem  as  if  the  mode  of  life  coincided  with  the  limits  of  the  orders,  if 
we  take,  as  genuine  orders,  the  leading  divisions  adopted  in  that  class ;  though 
we  find  already  here  frugivorous  and  insectivorous  Chiroptera,  etc.  Among  Birds, 
the  diet  is  still  less  restricted  to  the  orders;  we  find  herbivorous  and  piscivorous 
species  in  tbc  same  family,  for  instance,  among  the  Ducks.  Among  Turtles,  wo 
have  seen  that  the  limit's  within  Avhich  the  habits  the  mode  of  life,  and  the 
diet,  arc  the  same,  coincide  with  the  natural  limits  of  families.     The  Chelonioida) 
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are  all  herbivorous,  inoffensive,  and  shy.  The  Trionychida?,  on  the  contrary,  which 
live  upon  fresh-water  shells  and  the  larva?  of  aquatic  insects,  are  quick  in  their 
motions,  and  bite  about  them  like  Snakes;  while  the  Chelydroidas,  which  live  upon 
a  large  and  active  prey,  are  as  ferocious  as  the  wildest  carnivorous  beasts.  The 
Cinosternoidae,  though  also  carnivorous,  are  rather  active  than  fierce;  the  omniv- 
orous Emydoidae  are  more  timid  and  inoffensive,  and  exhibit  greater  diversity  in 
their  mode  of  life;  while  the  herbivorous  Teatudinina  have  the  grave  and  con- 
fiding disposition  of  many  of  the  Ruminants,  though,  owing  to  their  slow  motion, 
they  have  to  trust  solely  to  the  strength  of  their  covering  for  defence.  But 
this  coincidence,  between  the  natural  limits  of  families  and  the  mode  of  life  of 
their  representatives,  cannot  be  considered  as  a  general  rule  obtaining  throughout 
the  animal  kingdom,  for  among  Fishes  we  find  the  most  diversified  habits  in  the 
same  family.  Among  the  Salmonidse,  as  limited  by  J.  Miiller,  who  first  recognized 
the  natural  boundaries  of  that  family,  there  are  voracious  species,  provided  with 
strong,  pointed  teeth,  and  feeding  exclusively  upon  living  prey,  such  as  the  true 
Salmons  and  others  which  are  entirely  destitute  of  teeth  and  live  upon  decaying 
organic  substances,  such  as  the  Coregonus.  And  yet  these  Fishes  exhibit  none  of 
those  striking  differences  which  we  are  accustomed  to  consider  as  characteristic  in 
the  structure  of  carnivorous  and  herbivorous  animals.  Neither  their  alimentary  canal, 
nor  the  large  glands,  nor  the  appendices  pylorici  connected  with  it,  exhibit  marked 
differences.  This  shows  how  cautious  we  ought  to  be  in  applying  the  mode  of 
life  of  any  animals  as  a  test  of  their  affinity. 
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GENERAL  REMARKS  UPON  THE  NORTH  AMERICAN  GENERA  AND  SPECIES  OF  TESTUDINATA. 


In  submitting  the  North  American  Testudinata  to  a  renewed  critical  revision, 
my  object  is  chiefly  to  show,  that,  among  the  representatives  of  this  order,  there 
are  many  genera  on  this  continent  which  have  thus  far  escaped  the  notice  of 
herpetologists.  It  is  no  part  of  my  plan  to  describe  anew  the  species  which  have 
already  been  so  well  characterized  and  so  fully  illustrated  by  Major  LeConte1  and 
Dr.  Holbrook.2  It  will  be  sufficient,  for  the  object  I  have  in  view,  simply  to 
enumerate  them,  to  characterize  briefly  those  which  may  easily  be  confounded  with 
others,  and  to  insert  such  additional  information  as  I  may  have  collected  respect- 
ing their  eggs,  their  young,  the  variations  of  their  colors,  and  their  geographical 
distribution.  With  reference  to  the  specific  names  of  the  North  American  Testu- 
dinata, it  will  be  observed  that  I  have  not  always  followed  the  nomenclature  now 
generally  received.  Whenever  I  was  led  to  adopt  other  names  than  those  in 
common  use  among  modern  herpetologists,  it  was  only  done  with  immediate  regard 
to  the  inflexible  law  of  priority;  and  I  have  availed  myself,  in  this  respect,  of 
the  information  I  could  obtain  from  the  correspondence  of  Linnaeus  with  Dr. 
Garden,8  of  Charleston,  who  provided  the  great  Swedish  naturalist  with  so  large 
a  number  of  the  auimals  of  South   Carolina,  described  in  the  Systema  Naturae. 

I  can  hardly  expect  that  the  new  genera  I  have  characterized  in  this  revision 


1  LeConte,  North  American  Tortoises,  in  Ann.  *  A  Selection  of  the  Correspondence  of  Linnaus 

Lyceum  Nat.  Hist,  of  New  York,  vol.  3.  and  other  naturalists,  from  the  original  manuscripts. 

'  Holbrook,  North  American  Herpctology,  Phi-  By  Sir  James  Edward  Smith.    London,  1621-2, 

ladclphia,  1812,  5  vols.  Ho.  1  vol.  8vo. 
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of  the  North  American  Turtles  should  at  once  meet  with  a  favorable  reception. 
There  are  so  many  naturalists  who  look  upon  classification  in  general,  and  especially 
upon  minor  subdivisions,  in  the  system  of  animals,  merely  as  convenient  devices 
to  facilitate  their  study,  that  any  distinction  which  in  their  estimation  might  be 
dispensed  with  is  considered  by  them  as  objectionable,  and  must  be  so,  according 
to  their  standard,  which  docs  not  even  admit  that  genera  may  exist  in  nature. 
However,  as  it  is  one  of  the  objects  of  this  work  to  show  that  genera  arc 
founded  in  nature,  and  that  therefore  the  investigation  of  the  genera  and  all 
the  other  natural  divisions  among  animals  require  as  careful  and  minute  atten- 
tion as  that  of  species,  I  would  add  a  few  more  remarks  upon  this  topic,  in 
order  to  anticipate  the  objections  which  may  be  raised  against  the  subdivision 
of  our  Turtles  into  many  distinct  genera,  and  to  illustrate  their  value  by  a  com- 
parison with  the  genera  of  one  order  of  the  class  of  Birds,  —  the  Birds  of  prey, — 
with  which  the  Testudinata  may  fairly  be  contrasted  for  their  number,  and  the 
character  of  their  peculiarities.  In  the  first  place,  the  groups  called  by  Dumeril 
and  Bibron  Thalassites,  Potamides,  Elodites,  and  Chersites  (without  entering  again 
into  the  question  already  discussed,1  whether  they  are  families  or  groups  of  a 
higher  order,  or  partly  families  and  partly  sub-orders)  may  stand  a  comparison 
with  those  groups  among  the  Birds  of  prey  which  correspond  to  the  old  genera 
Vultur,  Falco,  and  Strix,  and  which  are  now  generally  considered  as  families, 
though  the  differences  among  these  Birds  are  certainly  not  so  great,  nor  even  of 
the  same  kind,  as  those  which  distinguish  the  Chelonii  and  the  Amyda*.  Indeed, 
the  Vulturidn?,  Falconidn;,  and  Strigida*,  when  con t nutted  with  one  another,  exhibit 
rather  differences  of  form  than  of  structure,  whilst  the  peculiarities  of  the  sub- 
divisions of  Testudinata,  cited  above  are  rather  differences  of  structure,  which 
amounts  to  saying,  that  the  differences  of  the  latter  bear  the  character  of  sub- 
onlers,  and  the  groups  of  Birds  mentioned  before  differ  in  the  manner  of  fam- 
ilies. Ami  yet  nobody  objects  now  any  longer  to  the  further  subdivision  of  the 
Falconidiv,  for  instance,  into  such  sub-fauiilies  as  Aquiliiuv.  Eagles,  Buteonimr,  Buz- 
zards, Faleonina?,  Falcons,  Accipitrina?,  Hawks,  etc.  This  being  the  case,  who  does 
not  perceive,  that,  if  the  groups  Falconidiv,  Vulturidte,  and  Strigida?  are  genuine 
families,  they  ought  not  to  be  compared  respectively  with  a  group  like  the  FJodites, 
which  embraces  animals  as  different  as  the  Cistudo,  the  true  Emys,  the  Terrapins, 
the  Cynostcrnum,  the  Chelydra,  the  Chelys,  the  Chelodina,  etc.;  but  that,  on  the 
contrary,  groups  like  these  last,  well  circumscribed  within  their  natural  limits, 
truly  constitute  families  also,  corresponding,  by  their  intrinsic  value,  to  the  families 
of  the  Strigida',  Vulturida1,  and  Falconidie. 


»  Comp.  Chap.  1,  Sw[.  2,  p.  242-232. 
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This  is  the  position  which  I  am  prepared  to  sustain  by  a  further  comparison. 
But  even  if  the  Thalassitcs  and  Amyda!  were  genuine  families,  and  not  sub-orders, 
this  would  not  constitute  an  objection  against  subdividing  them  farther  into  minor 
natural  groups,  any  more  than  the  nature  of  the  type  of  Falconidiv  constitutes  an 
objection  against  subdividing  them  into  sub-families  like  those  mentioned  above,  each 
of  which  contains  still  a  number  of  distinct  genera.  Let  us  take,  for  instance,  the 
group  of  our  Terrapins,  all  of  which  arc  now  generally  referred  to  the  genus  Emys. 
It  contains  a  great  many  species,  which  in  the  ultimate  details  of  their  structure 
differ  as  much,  if  not  more,  one  from  the  other,  than  any  two  genera  admitted 
among  cither  the  Falconida?,  the  Vulturida?,  or  the  Strigida\  I  am  willing  to  stake 
the  correctness  of  my  views  on  this  whole  subject  upon  one  single  case,  taking  as 
an  example  Emys  rugosa  (rubriventris,)  mobilicnsis,  and  concinna,  (floridana,)  which 
together  constitute,  in  my  opinion,  a  natural  genus,  and  comparing  them  with 
any  other  natural  group  of  species  of  this  very  same  type,  as  for  instance  Emys 
scabra  (serrata,)  Troostii,  and  elegans  (cumberlandensis,)  taken  together  as  another 
genus ;  or  Emys  picta,  Bellii  and  oregonensis ;  or  Emys  geographica,  and  LeSueurii : 
or  Emys  concentrica,  or  insculpta,  or  raarmorata,  or  reticulata,  or  guttata,  or  Miih- 
lenbergii,  which  constitute  singly  as  many  natural  genera.  Any  zoologist,  who. 
after  a  thorough  comparison  of  the  external  characters  and  of  the  skeletons  of 
the  three  first-named  species,  (Emys  rugosa,  mobiliensLs,  and  concinna,)  taking 
especially  into  account  their  skulls,  their  jaws,  and  their  feet,  nnd  contrast- 
ing  them  with  tha«e  of  Emys  picta  and  oregonensis,  or  of  Emys  insculpta,  or 
any  other  of  the  groups  of  species  just  named,  —  any  zoologist,  I  say,  who. 
having  made  such  a  comparison,  would  deny  their  generic  difference,  must  be 
either  blinded  by  prejudice  against  truth,  or  incapable  by  nature  of  applying  him- 
self to  higher  questions  in  Natural  History.  If  this  be  true,  it  follows  that  among 
the  Testudinata  most  of  the  genera  contain  very  few  species,  and  that  this  order 
affords  an  excellent  opportunity  to  learn  how  generic  characters  may  be  ascer- 
tained, even  without  comparing  many  species. 

These  new  genera  differ  in  reality  in  the  same  manner  as  Vultur,  Cathartes, 
and  Gypactos,  or  as  Pandion,  Aquila,  and  Harpyia,  or  as  Milvus,  Pemis,  Butco. 
and  Circus,  etc.,  differ  one  from  the  other.  The  same  may  be  said  of  Chelydra, 
and  Gypochelys,  of  Ozotheca  and  Cinosternum,  etc.  I  need  not  enumerate  here 
the  characters  of  these  genera,  which  are  fully  given  hereafter  in  their  proper 
places.  Moreover,  any  one  who  would  competently  discuss  this  question,  should 
examine  specimens  of  all  these  species  for  himself,  zoologically  and  anatomically, 
when  he  will  at  least  perceive  that,  in  all  our  systematic  works  on  Herpetology, 
the  species  of  our  Terrapins  are  either  placed  side  by  side  without  any  refer- 
ence to  their  true  affinities,  or  grouped  together  according  to  characters  which 
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violate  every  natural  relationship.  At  the  samo  time,  a  renewed  examination 
would  afford  ample  opportunity,  even  to  the  most  skeptical,  to  satisfy  himself  that 
the  characters  upon  which  these  genera  are  founded  have  thus  far,  for  the  most 
part,  escaped  notice,  and  constitute  a  real  addition  to  our  knowledge,  whatever 
be  the  view  taken  of  the  genera  themselves. 

As  to  the  families  adopted  in  this  revision,  they  bear  to  one  another  exactly 
the  same  relations  as  all  natural  families  have  to  one  another  in  any  natural 
order  of  the  animal  kingdom.  They  are  consequently  more  readily  distinguished 
by  their  habitus,  as  all  natural  families  should  be,  that  is  to  say,  by  their  form, 
than  are  the  artificial  groups  thus  far  called  families  among  Testudinata  by  any 
special  characters  assigned  to  them.  Why,  according  to  present  classifications, 
Chelydra  and  Cistudo,  for  instance,  should  belong  together  to  the  same  family 
with  our  Terrapins,  is  not  any  more  obvious  than  why  the  latter  genus  should  not 
be  referred  to  another  group,  the  Testudinina,  for  instance ;  for  there  certainly  are 
as  striking  differences,  and  even  differences  of  a  higher  order,  between  Chelydra 
and  Cistudo,  or  Chelydra  and  the  common  Terrapins,  than  between  Vultures  and 
Falcons.  The  same  may  be  said  of  Ozotheca  and  Cynosternum  taken  together, 
when  compared  with  either  of  them.  And  I  cannot  suppose  that  any  naturalist 
will  contend  that  different  classes  of  the  same  great  type  of  the  animal  kingdom 
should  be  classified  upon  different  principles,  however  great  the  diilerence  in  the 
nature  of  the  characters  may  be. 

From  what  I  have  said  in  the  opening  of  this  section,  it  might  be  inferred 
that  I  consider  the  North  American  species  of  Testudinata  as  too  well  known  to 
require  much  further  attention  and  study.  I  am  far  from  entertaining  any  such 
opinion.  On  the  contrary,  I  consider,  in  general,  an  accurate  knowledge  of  species 
as  of  such  difficult  attainment,  that  I  do  not  yet  venture  xipon  sketching  descrip- 
tions of  our  Turtles,  as  I  understand  that  specific  descriptions  should  be,  even 
though  I  have  already  spent  years  in  their  investigation.  What  I  offer  in  the 
following  pages  I  wish  to  be  considered  merely  as  contributions  towards  a  fuller 
illustration  of  this  subject.  It  will  still  require  long  and  patient  studies  before 
our  Turtles  are  kuown  as  they  ought  to  be,  in  order  to  draw  a  complete  pic- 
ture of  the  habits,  growth,  and  variations  of  every  species.1 

As  to  the  synonymy  of  the  species*  it  is  not  my  intention  to  swell  this  vol- 


1  It  it*  one  thing  to  draw  up  perfect  descriptions 
of  species,  and  another  nnd  a  very  different  thing  <o 
write  mere  diagnoses,  or  simply  to  point  out  the  pecu- 
liarities by  which  closely  allied  species  may  be  distin- 
guished,   t'omp.  Part  I.,  Chap.  2,  Seel.  C,  p.  HV.i. 

*  The  older  synonymy  of  nil  (he  Testudinata 


known  nt  the  time  of  the  publication  of  his  work  is 
very  learnedly  discussed  by  J.  D.  Soikeitf,  in  bis 
Historia  Testudinum,  Erhuigir,  1792,  1  vol.  4to.  For 
the  North  American  species  consult  Dr.  llolbrook's 
North  American  Hcrpetology,  or  Dumeril  and  Bi- 
bron's  Erpcivlugie  gcneralc. 
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umc  by  publishing  full  quotations  of  all  the  works  in  which  notices  respecting 
our  Turtles  may  be  found.  Every  student,  who  may  wish  to  make  himself  familiar 
with  this  branch  of  our  science,  will  find  ample  references  to  all  the  works  worth 
consulting  in  any  general  treatise  on  Herpetology.  I  have  only  alluded  to  the 
subject  in  detail  where  I  had  reasons  to  dissent  from  my  predecessors. 


SECTION  II. 

THE  GENUS  8PHAH0IS. 

The  genus  Sphaugis  was  first  pointed  out  by  Merrem  in  1820,  under  the  name 
which  is  now  generally  adopted  for  it.1  With  the  scanty  materials  I  have  on 
hand,  I  feel  it  the  more  difficult  to  draw  up  a  description  of  the  generic  characters, 
as  the  habits  of  these  Turtles  arc  little  known,  and  all  the  specimens  I  had  an 
opportunity  of  seeing  in  America  were  adults,  thus  affording  no  opportunity  for 
an  appreciation  of  the  changes  they  undergo  with  age.  In  the  study  of  genera 
it  is  very  important  to  compare  young  and  adidt  specimens,  as,  from  the  differ- 
ences they  exhibit,  it  is  generally  possible  to  ascertain  what  constitutes  generic 
characters,  in  contradistinction  to  family  and  specific  characters.  As  far  as  I  can 
judge  from  analogy,  and  by  comparison  with  the  genera  of  the  Chelonioida?,  the 
following  may  be  considered  as  generic  characters. 

The  arch  of  the  top  of  the  skvdl  is  highest  over  the  hind  end  of  the  brain- 
Ikjx,  and  grows  narrower  and  lower  thence  forward  to  the  eye  orbits.  The  upper 
surface  falls  from  over  the  hind  end  of  the  brain-box  backward ;  it  is  depressed 
over  the  front  end  of  the  brain-box.  The  frontal  region  falls  from  the  hind  end 
forward.  The  upper  edge  of  the  opening  of  the  nasal  cavity  is  nearly  on  a  level 
with  that  of  the  eye  orbit  The  intennaxillaries  rise  considerably  above  the  level 
of  the  lower  edge  of  the  eye  orbit ;  they  are  very  thick  above,  and  taper  to  a 
sharp  edge  below.  The  edges  of  the  notch  of  the  front  end  of  the  alveolar  wall 
of  the  mouth  meet  the  edge  of  the  lateral  notch  of  each  side,  on  the  maxilla- 
ries,  near  the  suture  with  the  intermaxillaries.  The  three  notches  occupy  the 
alveolar  edge  of  that  part  of  the  mouth  which  underlies  the  nasal  cavity.  The 
horizontal  alveolar  surface  of  this  part  of  the  mouth  rises  steeply  forward  ;  it  is 


1  In  182K,  Firming  rolled  it  Coriudo,  in  imitation 
of  the  name  TVs tudo ;  in  1 S29,  LcSui  ur,  in  Cuvier's 
Regn.  Anim.,  proposed  the  new  name  Dermochelys 
for  it;  in  1830,  Wagler  introduced  still  nnother  name. 


Scytine,  in  Hie  plates  to  Lis  Nat.  Sy»t.  der  Amph.,  a 
few  copies  of  which  bear  that  lettering ;  hut  he  finally 
adopted  LeSueur'a  name,  changing  it  however  to 
Dermatochelya. 
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very  small,  being  formed  on  a  small  ridge  projecting  inward.  From  this  region 
backward  the  alveolar  edge  is  sharp,  and  rises  constantly,  and  the  horizontal  alve- 
olar surface  widens  to  its  hind  end,  whieh  slants  forward,  however,  to  the  union 
with  tbe  palatines.  The  alveolar  wall  of  the  mouth  is  turned  inward  at  the  hit- 
eral  notch  on  each  side,  and  outward  at  its  hind  end,  and  thus  curves  irregu- 
larly. The  vomer  descends  just  back  of  the  symphysis  of  the  jaw,  so  as  to 
make  behind  it  a  deep  inverted  pit,  into  which  the  pointed  end  of  the  lower 
jaw  fits.  The  palatines  have  each  two  distinct  planes,  one  horizontal  and  contin- 
uous with  the  horizontal  alveolar  surfuce,  the  other  raised  toward  the  vomer;  the 
former  begins  in  front  at  a  point,  and  widens  backward ;  the  latter  rises  highest 
and  steepest  at  its  front  end.  The  passages  from  the  nasal  cavity  to  the  mouth 
are  very  large.  They  lie  on  each  side  of  the  front  end  of  the  vomer,  between 
it  and  the  maxillaries  and  the  end  of  the  palatine.  The  lower  jaw  is  highest 
near  the  articulation  and  the  symphysis  ;  its  upper  and  lower  edges  draw  near 
each  other  forward  till  near  the  front  end,  where  the  alveolar  edge  rises  sud- 
denly to  a  stroug,  sharp  projection,  and  the  lower  edge  curves  down  a  little.  The 
alveolar  edge  is  sharp.  The  outer  surface,  at  the  symphysis,  curves  outward  in 
passing  from  the  point  down  to  the  lower  edge. 

There  are  no  scales  over  the  skin.  None  of  the  fingers  project  free,  and  thus 
none  have  nails.  The  epidermis  over  the  jaws  is  not  thickened  into  a  horny 
sheath.  Upon  the  ossified  derm,  the  epidermis  is  very  thin.  On  the  neck  and 
limbs  and  tail,  the  skin  is  thick  and  leathery,  and  its  epidermis  hard  and  compact 

The  prevailing  opinion  among  herpetologists  is,  that  there  exists  only  one  sin- 
gle species  of  Sphargis,  which  is  said  to  occur  along  the  shores  of  Eastern  Asia, 
especially  about  Japan,  in  South  Africa,  about  the  Cape  of  Good  Hope,  and  in  the 
Atlantic,  chiefly  in  the  West  Indies  and  the  southernmost  coasts  of  the  United 
States,  and  in  the  Mediterranean.  But,  in  my  opinion,  it  is  not  yet  by  any 
means  clearly  proved  that  the  specimens  observed  in  these  different  stations  truly 
belong  to  the  same  species.  Our  museums  are  still  so  indifferently  provided  with 
representatives  of  this  genus,  that  no  sufficient  comparison  has  thus  far  been  made 
between  individuals  obtained  in  different  parts  of  the  world  ;  and  as  long  as  it 
can  be  shown  that  the  Loggerheads,  the  green  Turtles,  and  the  shell  Turtles  of 
the  Atlantic  differ  from  those  of  the  Pacific,  mere  descriptions,  without  the  addi- 
tional evidence  of  direct  comparison,  are  insufficient  to  settle  the  question  of  the 
specific  identity  or  difference  of  the  leather  Turtles  of  the  two  great  oceans.  It 
is  true  that  Temminck  and  Schlegel  assert  that  the  Sphargis  of  Japan 1  is  iden- 

1  Sicbold,  (I'h.  Fr.  do)  Fauna  juponica.  Che-  Bnlnvoruni,  1833,  fol.  This  work  contains  importun! 
lonii  elnborantilms  Ttmininrk  ct  Schlegcl,  Lujrduni       remarks  upon  the  anatomy  of  the  Testudinato. 
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tieal  with  that  of  Europe  ;  hut,  in  matters  relating  to  the  specific  distinction  of 
Turtles,  I  am  not  willing  to  take  an  evidence  the  assertion  even  of  such  distin- 
guished zoologists,  because  they  have  described  several  North  American  species  as 
identical,  which  I  know  not  only  to  be  distinct  species,  hut  even  to  belong  to 
distinct  genera.1  There  can  be  no  doubt,  however,  that  there  is  only  one  species 
of  Sphargis  in  the  Atlantic  and  in  the  Mediterranean,  which  is  universally  known 
as  Spiiarois  coriacea,  Gray? 

The  first  author  who  mentions  this  species  is  Rondelet,  who,  in  his  work  de 
Piscibux,  published  in  l")o4,  describes  and  figures  it,  under  the  name  of  Testudo 
coriacea  sive  Mercurii,  from  specimens  caught  in  the  Mediterranean.  It  has  since 
been  noticed  occasionally  in  the  Mediterranean,  and  upon  the  Atlantic  coast  of 
France  and  of  England ;  but  in  all  I  cannot  make  out  more  than  nine  instances 3 
of  its  occurrence  in  the  waters  of  Europe.  Nor  has  it  ever  been  seen  to  lay 
its  egg  and  multiply  in  that  part  of  the  world,  while  it  is  very  common  in  the 
warm  parts  of  the  Atlantic  Ocean,  especially  along  its  American  shores.  It  breeds 
regularly  every  year  in  the  spring,  on  the  Bahamas,  on  the  Tortugas,  and  on 
the  coast  of  Brazil.  It  occurs  less  frequently,  already,  along  the  coast  of  Florida ; 
it  is  caught  occasionally  on  the  coast  of  Alabama,  Georgia,  and  South  Carolina, 
and  only  accidentally  visits  the  more  northern  shores  of  the  United  States.  It 
has,  however,  been  noticed  in  the  Chesapeake  Bay,  off  Sandy  Hook,  and  in  Long 
Island  Sound.  One  specimen,  taken  in  Massachusetts  Bay  in  1824,  is  now  pre- 
served in  the  Boston  Museum.  In  1848,  I  obtained  one  specimen  myself,  caught 
about  Cape  Cod  by  Capt,  N.  Atwood. 

From  this  critical  examination  of  the  localities  where  this  species  is  found,  and 


1  Ozothcca  odorata  and  Cinostprnum  p<?nnsylvn- 
nicum,  Xcrobatcs  carolinus  and  Chelonoidis  tabulnta. 

'  This  species  exemplifies  clearly  a  point  in  zo- 
ological nomenclature  which  seems  hardly  yet  under- 
stood, though  it  has  been  frequently  debated  before. 
Many  naturalists  still  believe,  that  the  authority  at- 
tached to  the  systematic  name  of  a  species  indicates 
the  discoverer  or  first  deseriber  of  such  a  species. 
Nothing  can  be  mote  remote  from  the  truth.  The 
name  of  a  naturalist,  attached  to  the  scientific  name  of 
an  animal,  indicates  only  that  he  is  the  first  who  em- 
ployed thai  binominal  ap|«>llation  to  designate  such  an 
animal.  In  this  caw  Rondelet  was  the  first  who 
described  the  species,  which  he  calls  Testudo  cori- 
acea sive  Mercurii.  When  Merrem  recognized  that 
it  constitutes  a  genus  for  itself,  lie  called  the  genus 
SrilAKt:is,  but  wantonly  changed  the  specific  name 


to  Sphargis  mercurialit.  Had  he  retained  the  spe- 
cific name  under  which  Rondelet  described  it,  it  would 
have  been  called  Sphargis  coriacea,  Merrem,  as  the 
generic  and  specific  mimes  together  constitute  the  sys- 
tematic name  of  any  animal.  As  it  happened,  J.  £. 
(iray  was  the  first  to  connect  the  generic  and  specific 
names,  which  must  take  precedence  over  all  others, 
and  so  the  species  is  for  ever  to  be  called  Sphargis 
coriacea,  Gray,  even  though  Gray  neither  established 
the  genu*  nor  described  the  species  first. 

•  Three  times  in  the  sixteenth  century  recorded 
by  Rondelet ;  once  at  Cette,  mentioned  by  Amoreux  ; 
once  at  the  mouth  of  the  Loine,  recorded  by  Dela- 
fond;  twice  on  the  coast  of  Cornwall,  recorded  by 
Borlasc ;  once  on  the  coast  of  Dorset,  recorded  by 
Shaw ;  and  once  on  the  eastern  coast  of  Italy,  re- 
corded by  Schweigger. 
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from  its  frequence  in  some  parts  of  the  Atlantic  Ocean,  whilst  it  is  only  met 
with  accidentally  in  others,  it  Li  plain  that  the  West  Indies  is  its  home,  and 
that  it  is  not  indigenous  to  Europe,  since  in  three  centuries  it  has  not  been 
observed  more  than  nine  times  in  Europe,  whereas  it  is  seen  at  all  seasons 
about  the  Bahamas,1  This  conclusion  is  strengthened  by  the  fact  that  it  is  less 
and  less  common  as  we  recede  from  the  Floridas  northward  ;  though  from  time 
to  time  it  is  carried  north  by  the  Gulf  Stream,  and  cast  ashore  along  the  South- 
ern and  Middle  States,  and  more  rarely  as  far  north  as  Cape  Cod.  It  therefore 
becomes  liighly  probable,  that  the  specimens  seen  in  Europe,  on  the  coasts  of  Eng- 
land and  France,  and  in  the  Mediterranean,  had  followed  the  Gulf  Stream  across 
the  Atlantic,  and  finally  landed  in  regions  very  distant  from  their  native  seas. 
This  fact  is  highly  important  with  reference  to  the  question  of  the  identity  of 
the  Thalassochelys  Caouana,  found  also  on  both  sides  of  the  Atlantic. 

Judging  from  the  figures  of  the  eastern  Sphargis  published  by  Ph.  Fr.  von  Sie- 
bold  in  his  Fauna  japonica,  taking  especially  into  consideration  the  form  and  rel- 
ative size  of  the  head,  the  emarginations  of  the  jaws,  and  the  relative  size  of  the 
fins,  I  am  inclined  to  believe  that  there  exists  a  second  species  of  Sphargis  in  the 
Pacific  Ocean,  along  the  shores  of  Asia,  which  wanders  southwards,  with  the  Asia- 
tic shore  currents,  to  on  extent  not  yet  ascertained.  It  is  also  reported  by  Tem- 
minck  and  Schlegel  that  Sphargis  is  found  about  the  Cape  of  Good  Hope,  and 
that  young  specimens  collected  in  that  region,  by  Dr.  van  Horstok,  are  preserved 
in  tlie  museum  at  Leyden.  It  is  further  stated  by  them,  that  the  figures  published 
by  Wagler  are  drawn  from  a  young  specimen  from  the  Cape  of  Good  Hope,  pre- 
sented to  the  museum  of  Miinich  by  the  museum  of  Leyden.  This  being  the  case, 
the  question  at  once  arises,  whether  these  figures  represent  truly  the  same  species 
as  that  which  occurs  in  the  waters  of  the  Atlantic  and  in  the  Mediterranean, 
or  whether  there  exist  two  other  species  of  Sphargis,  besides  that  of  the  Atlantic, 
one  of  which  would  be  peculiar  to  the  Asiatic  shores  of  the  Pacific  Oceau,  and 
the  other  to  the  seas  bathing  the  southern  extremity  of  Africa.  With  the  great 
powers  of  locomotion  which  these  Turtles  possess,  it  is,  however,  also  possible  that 
Asiatic  specimens  find  their  way  to  the  Cape,  and  hence  to  the  West  Indies  ;  in 
which  case  the  same  species  would  be  found  wandering  through  all  the  oceans. 
But  nothing  short  of  a  direct  comparison  of  a  series  of  specimens  from  each 
locality  will  settle  this  question. 


•  Supposing  the  American  specimens  to  be  dis- 
lim'l  fruiu  the  European,  LcSucur  distinguishes  two 
specie*  uf  Spliargis,  and  calls  the  American,  Demio- 
chelvi  iithuitica.  The  young  has  also  been  described 
a»  n  distinct  specie?,  nt  first  called  Testudo  tuberculntu 


by  Pennant,  and  afterwards  referred  to  Sphargis,  as 
Sph.  tubereubita,  by  Gravcnborst.  For  more  sjveeial 
references  to  the  authors  mentioned  above,  consult 
Dumcril  and  Bibron,  ErpcU  gener.,  llolbrook's  X. 
American  Herpct.,  and  Caniuo'*  Fauna  ilalica. 
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SECTION  III. 

THE  GEXERA  AND  SPECIES  OP  CHILOHIOIDJC. 

Three  w«-ll  marked  genera,  belonging  to  this  family,  occur  along  the  coasts  of 
the  United  States;  namely,  Chelonia,  Eretmochelys,  and  Thalassochelys.  The  most 
important  generic  characters  thus  far  observed  relate  to  the  structure  of  the 
mouth,  and  indicate  much  difference  between  them,  in  the  manner  of  eating,  and, 
perhaps,  also  in  the  kinds  of  plants  upon  which  they  feed.  In  Cheloxia  the 
jaws  act  like  straigh hedged  shears,  cutting  from  behind  forward ;  the  mouth  is 
bluntly  curved  about  the  front  end;  the  outer  alveolar  edge  of  the  lower  jaw 
falls  from  the  angle  forward  till  just  at  the  end,  where  it  rises  to  a  small,  sharp 
projection ;  the  bill  along  this  edge  is  deeply  serrated ;  its  teeth  act  against  sharp 
ridges,  which  cross,  from  above  downward,  the  inner  vertical  surface  of  the  bill 
of  the  upper  jaw.  In  Eretmochelys  the  jaws  are  drawn  out  forward,  as  it  were, 
and  the  mouth  is  narrow  and  long;  at  the  front  end  the  cutting  edges  of  the  two 
jaws  project  toward  one  another  beyond  their  general  level,  so  that  as  the  jaws 
close,  these  edges  approach  each  other  first  at  their  front  and  hind  ends;  the 
cutting  edge  of  the  lower  jaw  is  short,  as  the  upper  surface  is  rounded  for  some 
distance  in  front  of  the  angle;  the  cutting  edges  are  sharp,  but  not  serrated. 
In  Thalassochelys  the  jaws  are  prolonged  toward  one  another  at  the  front  ends 
into  strong,  pointed  beaks,  but  not  drawn  out  forward  as  in  Eretmochelys;  as 
the  jaws  close,  they  approach  one  another  first  at  the  front  and  hind  ends;  the 
alveolar  edge  of  the  lower  jaw  is  deeply  concave,  and  rises  higher  at  the  point 
than  at  the  angles;  the  alveolar  edge  of  the  upper  jaw  rises  on  each  side  of 
the  beak,  and  curves  downward  under  the  eye;  the  alveolar  edges  are  blunt  and 
not  serrated. 

I  am  not  able  to  express  an  opinion  upon  the  value  of  the  genera  Halichelys 
and  Lepidochelys,  as  I  have  not  enjoyed  an  opportunity  of  examining  myself 
the  species  upon  which  they  are  founded.1  But  I  can  state  that  there  occur, 
among  the  fossils  of  the  reefs  of  Florida,  remains  of  a  large  marine  Turtle 
which  differs  genetically  from  the  other  species  found  alive  about  the  reefs.  I 
am  indebted  for  a  splendid  skull  of  this  Turtle  to  one  of  my  pupils,  Mr.  The- 
odore  Lyman,  of  Boston;   and  I  have   obtained   myself  other  fragments  of  the 

1  These  genera  were  proposed  liy  Fitzinger  in  hi*  Merr..  Chelonia  atra,  Auet,  nnd  Lepidochelys  for  the 
Solemn  Reptilium  |  Halichelys  for  the  Caretta  atrn,       Chelonia  olivacea,  Esch.,  of  the  Pacific. 
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skeleton  from  Cape  Sable,  all  of  which  I  shall  describe  on  another  occasion.  It 
is  possible  that  this  Turtle  is  the  American  representative  of  the  Halichelys  nigra 
of  Fitzinger,  founded  upon  the  Caretta  nigra,  jl/«r,  which  is  said  to  occur  on 
the  Atlantic  coasts  of  Europe  and  Africa.  As  to  the  genus  Cimochelys,  proposed 
by  Owen  for  Chelonia  Benstedi,  and  afterwards  abandoned  by  himself  as  a  generic 
type,  I  am  inclined  to  consider  it  as  well  founded,  though,  judging  from  its  form, 
I  am  not  satisfied  that  it  is  a  true  Chelonioid.1 

In  the  genera  of  this  family  the  whole  body  is  covered  with  a  scaly  epi- 
dermis, and  on  the  head  where  the  skin  fits  close  to  the  bones,  on  the  shield, 
and  on  parte  of  the  wings,  the  scales  are  large  and  distinct.  On  the  upper 
surface  of  the  head  there  is  one  large  median  scale,  surrounded  by  a  row  of 
more  or  less  numerous  smaller  scales,  one  or  two  pairs  of  which  reach  down  from 
that  row  to  the  nose.  A  field  of  large  scales  covers  the  cheek.  A  thick,  horny 
sheath  always  envelops  the  alveolar  surface  of  each  jaw,  the  wide  space  of  the 
front  part  of  the  roof  of  the  mouth  before  and  on  each  side  of  the  opening 
of  the  passage  from  the  nasal  cavity,  and  the  whole  upper  surface  of  the  lower 
jaw  about  the  symphysis.  Just  back  of  the  bill  on  the  lower  jaw  there  is  a 
large  scale.  On  the  ends  and  front  edges  of  the  limbs,  the  scales  are  large. 
On  the  inner  edge  of  the  wing  there  is  a  row  of  four  or  five  scales,  which 
seem  to  correspond  to  the  quill  feathers  of  a  bird's  wing.  The  scales  on  the 
shield  are  arranged  in  regular  rows,  namely,  one  row  all  round  the  outer  edge, 
one  row  along  the  median  line  above,  one  row  on  each  side  of  the  latter  covering 
the  costals,  and  four  rows  on  the  plastron,  one  just  within  the  marginal  row, 
and  another  between  this  last  and  the  median  line,  on  each  side.  The  marginal 
row  terminates,  in  front,  by  an  odd  scale,  and  behind,  by  the  meeting  of  a  pair. 
The  number  of  pairs  in  this  row  varies  somewhat  in  different  specimens;  in 
Chelonia  and  Eretmochelys  there  are,  however,  usually  twelve  pairs;  in  Thalas- 
sochelys  there  are  thirteen.  The  odd  scale  at  the  front  end  of  this,  row  is  very 
broad,  several  times  broader  than  long.  The  number  in  the  row  over  the  median 
line  is  four ;  in  the  row  on  each  side  of  this  last,  four  or  five,  four  in  Chelonia 
and  Eretmochelys,  and  five  in  Thalassochelys.  The  outside  rows  of  the  plastron 
consist  each  of  four,  the  inner,  two  rows  of  six  scales  each;  besides,  there  are 
some  large  Bcales  under  the  hind  part  of  the  shoulders,  and  sometimes  one  or 
more  are  interposed  at  either  end  of  the  median  line  of  the  plastron. 

If  we  now  consider  the  American  genera  separately,  they  may  be  characterized 
in  the  following  manner. 

»  Compart  my  remark*  ubout  this  opecics,  p.  330.  note  3,  at  the  clo»e  of  the  note. 


Digitized  by  Google 


Chap.  III.  GENERA  AND  SPECIES  OF  CHELONIOIDiE.  377 


I.  Chelonia,  Bronffn.  (Fifz.) 

The  genus  Chelonia,  when  first  separated  from  Testudo  by  A.  Brongniart, 
included  all  the  marine  Turtles,  even  Sphargis.  It  was  next  limited  to  the 
Chelonioida)  proper,  and  in  this  extension  it  corresponds  exactly  to  Men-em's 
genus  Caretta.  Now  it  embraces  only  the  green  Turtles.  It  was  first  restricted 
to  its  present  limits  by  Fitzinger.1 

The  head  of  thiB  genus,  thus  limited,  is  high,  and  continues  so  forward  to 
the  frontal  region,  where  the  upper  surface  descends  steeply  to  the  nose.  From 
the  nose  down,  the  outer  surface  of  the  end  of  the  bill  of  the  upper  jaw  is 
curved  outward ;  but  it  is  turned  back  as  far  below  as  above.  The  mouth  is 
long,  but  broadly  curved  at  the  front  end.  The  alveolar  edge  of  the  bill  of  the 
upper  jaw  is  straight,  or  slightly  concave  at  the  sides,  and  slightly  notched  at  the 
front  end ;  it  is  sharp,  but  not  serrated.  The  vertical  inner  surface  is  broadest 
at  the  hind  end,  and  narrows  thence  forward  till  at  the  front  end  a  small  pit 
in  the  palate  again  widens  it  The  outer  edge  of  the  horny  roof  descends  from 
behind  forward  to  the  pit  above  mentioned ;  the  surface  within  descends  from  this 
edge  inward  to  a  ridge,  which  ridge  has  a  deep  depression  at  the  symphysis, 
is  most  prominent  on  each  side  of  the  depression,  and  decreases  thence  backward. 
The  space  between  this  ridge  and  the  outer  wall  is  a  furrow,  into  which  the  lower 
jaw  fits,  as  well  as  into  the  pit  in  front  Within  this  ridge  the  surface  is  broad, 
and  also  has  a  depression  at  the  symphysis;  this  surface  descends  to  a  small  ridge 
at  its  inner  edge.  The  lower  jaw  is  highest  at  the  angle,  and  falls  thence  for- 
ward, but  at  the  front  end  there  rises  a  small,  sharp  projection.  The  alveolar 
edge  of  this  jaw  is  deeply  serrated.  Within  this  edge  is  a  furrow,  correspond- 
ing to  the  ridge  of  the  upper  jaw,  which  is  widest  at  the  symphysis,  and  there 
divided  by  a  transverse  ridge;  it  is  deepest  on  each  side  of  that  ridge,  and  fades 
out  shortly  before  reaching  the  angle  of  the  jaw.  The  ridge  on  the  inner  side 
of  this  furrow  does  not  descend  from  behind  forward  as  fast  as  the  outer  alve- 
olar edge,  and  at  its  front  end  is  as  high  as  the  latter ;  it  rises  at  the  sym- 
physis to  a  sharp  tooth,  which  is,  however,  almost  entirely  formed  from  the 
horny  covering.  The  ridge  vanishes  with  the  furrow  backward.  Its  inner  surface 
descends  a  little  way,  in  one  slope,  and  then  more  steeply  to  the  attachment  of  the 
tongue.  The  outer  alveolar  edge  of  this  jaw  is  serrated  as  far  back  as  the  hind 
angle  of  the  jaw.    When  the  mouth  is  closing,  this  edge  approaches  the  alveolar 

»  &J8L  Rent.  1843.  It  is  adopted  by  J.  E.  Gray,  Tschudi,  in  Li*  Fauna  peruana,  1845  ;  but  T*chudi 
in  the  same  extent,  Cat.  Brit.  Mua.  1844,  and  by      proposes  to  change  the  name  to  Euchelonia. 
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edge  above,  first  at  the  bind  end,  and  tbence  forward  successively;  but,  as  the 
front  tooth  is  longer  than  the  others,  it  reaches  the  plane  of  the  alveolar  edge 
above  before  those  which  are  nearest  to  it  on  each  side.  The  whole  horny 
surface  of  the  mouth  is  rough,  and  its  ridges  sharp  and  pointed.  As  the  head 
is  high  and  narrow,  the  upper  surface  is  small,  and  the  checks  largo;  conse- 
quently the  field  of  scales  is  small  on  the  top  of  the  head,  and  those  on  each 
side  large.  The  row  of  scales  encircling  the  large  scale  in  the  middle  of  the 
skull  is  regular,  and  consists  of  seven  scales.  This  row  reaches  partly  down  on 
the  sides;  below  them  there  is  a  field  of  from  fifteen  to  twenty  scales  on  the 
cheeks,  not  counting  the  very  small  ones  about  the  articulation  of  the  jaws. 
In  front  of  the  circle  of  seven  scales,  there  is  one  pair  of  long  ones,  which  reach 
down  to  the  nose. 

The  body  is  oblong,  broad  across  the  middle,  not  keeled  or  flattened  above. 
It  has  a  narrow  marginal  rim.  The  scales  are  everywhere  thin  and  flexible,  and 
meet  edge  to  edge,  being  nowhere  imbricated. 

Thus  far,  only  two  well  characterized  species  of  this  genus  have  been  noticed; 
the  common  green  Turtle  of  the  Atlantic  Ocean,  and  the  mottled  Turtle  of  the 
Pacific.  At  least,  1  can  only  distinguish  them  in  this  way ;  and  I  must  call  in 
question  the  statements  which  report  Chelonia  Mydas,  as  found  in  the  Indian 
Ocean,  the  Red  Sea,  and  China,  as  well  as  those  according  to  which  the  mottled 
Turtle,  Chelonia  virgata,  would  also  occur  in  the  Atlantic.1 

Ciiklosia  Mvuas,  Sckie.  The  green  Turtle  of  the  Atlantic1  is  nowhere  so  common 
as  about  Ascension,  where  the  largest  numbers  are  caught  It  is  very  common 
on  the  Bahamas  and  among  the  West  Indies,  especially  at  Cayman's  Island,  where 
large  numbers  breed ;  also  in  the  Bay  of  Honduras  and  Campeachy,  and  along  the 
coasts  of  Guiana  and  Brazil  It  also  inhabits  the  coasts  of  Florida,  and  of  the 
southern  United  States  bordering  upon  the  Gulf  of  Mexico;  but  it  is  seldom 
found  as  far  north  as  the  thirty-fourth  degree  of  northern  latitude,  and  is  rarely 
caught  as  far  north  as  Sandy  Hook.     It  is  never  seen  along  the  coast  of  New 


1  It  is  not  surprising  that  seamen  should  mistake 
the  two  kinds  of  green  Turtles  which  occur  in  the 
Atlantic  and  in  the  Pacific,  as  they  are  closely  allied, 
and  vary  both  to  some  extent  in  color,  so  that  the 
radiated  variety  of  the  green  Turtle  (Chel.  Mydas) 
is  often  darker  and  more  extensively  tinged  with 
chestnut  brown  than  the  Pacific  species,  (Chel. 
virgata,)  which  is  occasionally  quite  as  green  as  its 
Atlantic  representative.  Statements  respecting  the 
geographical  distribution  of  these   species  should 


therefore  be  sifted  with  the  utmost  care,  as  it  is  prob- 
able that  the  indications  of  the  presence  of  Chelonia 
virgata  in  the  Atlantic  are  owing  to  a  confusion  in 
labelling  the  specimens. 

*  The  names  most  frequently  applied  to  this  spe- 
cies are  Tcstudo  Mydas,  Chelonia  Mydas,  Testudo 
viridis,  Chelonia  viridis,  Caretta  esculcnta,  and  Che- 
lonia esculenta.  For  fuller  references,  sec  Dumcril 
and  Bibron,  Krpdt.  gener.,  and  Dr.  Iiolbrook's  Ni 
Amer.  Herpetology. 
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England,  nor  has  it  ever  been  observed  upon  the  shores  of  Europe.  Along  the 
coast  of  Florida,  it  approaches  the  shore  in  the  early  part  of  the  summer  to 
deposit  its  eggs  in  the  sand;  but  the  statement  of  DeKay,  that  they  arc  batched 
in  the  course  of  two  or  three  weeks,  is  certainly  incorrect,  as  no  Turtle  develops 
so  rapidly.  The  shortest  period  of  incubation  of  Turtles'  eggs  I  have  ascertained 
to  be  about  seven  weeks.  Though  regularly  brought  to  our  markets  in  the 
season,  I  have  failed  to  obtain  mature  eggs  of  this  species,  and  young  recently 
hatched;  but  Gravenhorst1  gives  a  good  description  of  the  young,  and  Audubon 
a  very  interesting  and  full  account  of  the  breeding*  This  species  is  also  reported 
to  occur  along  the  Atlantic  coast  of  Africa,  from  the  Cape  of  Good  Hope  to  the 
Cnpe  de  Verd  Islands;  but  I  have  had  no  opportunity  of  comparing  specimens  from 
these  regions.  Nor  can  I  give  an  opinion  from  personal  experience  respecting 
the  green  Turtles  of  the  Red  Sea  and  of  the  Indian  Ocean.  Tschudi  states  that 
Chelonia  Mydas  occurs  on  the  coast  of  Peru ;  but,  as  he  does  not  say  that  he 
compared  it  with  Atlantic  specimens,  it  may  be  the  following  species. 

Chklonia  viroata,  Sc&w.  Without  entering  into  the  question  of  the  identity  of 
the  green  Turtles  all  over  the  immense  range  of  the  Pacific  Ocean,8  I  can  state 
that  there  occurs,  along  the  coast  of  California,  a  species  of  green  Turtles  which  is 
entirely  distinct  from  that  of  the  Atlantic,  by  its  more  elevated  and  more  arched 
back,  and  by  the  emargination  of  its  sides  over  the  hind  limbs.  Besides  heads 
and  paddles,  I  am  indebted  for  two  perfect  specimens  of  this  species  to  my  friend, 
Th.  G.  Cary,  Jr.,  of  San  Francisco,  to  whom  I  already  owe  so  many  scientific 
treasures  from  California.  I  have  thus  been  able  to  compare  it  with  the  Che- 
lonia Mydas  of  the  Atlantic,  from  which  it  certainly  differs  as  species.  As  far 
as  I  know,  this  is  the  first  time  that  sea  Turtles  are  mentioned  from  the  west- 
ern shores  of  North  America.  Mr.  Cary  informs  me  that  they  are  found  along 
the  whole  southern  coast  of  California.  The  only  doubt  I  have  left  in  my  mind 
respecting  this  Pacific  green  Turtle  is,  whether  it  is  identical  or  not  with  the  spe- 
cies described  from  Malabar  and  the  East  Indian  Ocean.4 


1  DelicisB  Musei  zoologici  Vratislaviensis,  Lipsin, 
1829,  foL 

«  Ornith.  Biogr.  II.  p.  370. 

*  Green  Turtles  are  mentioned  from  Uic  Galapa- 
gos, from  tlic  whole  range  of  the  Polynesian  Islands, 
from  New  Holland,  from  the  Philippine  and  Sunda 
Islands,  from  the  whole  eastern  coast  of  Asia  as  far 
north  as  Japan,  from  the  Red  Sea  and  the  Indian 
Ocean,  and  from  the  eastern  coasts  of  Africa.  But, 
whether  they  belong  to  one  and  the  same  species  or 
not,  remains  to  be  ascertained  by  direct  comparisons. 


*  These  species  are  described  by  Duracril  and 
Bibron  nnder  the  names  of  Chelonia  maculosa,  Cur., 
and  marmorata,  Dum.  and  Bibr.  Cuvier's  Chelonia 
lacrymata  is  referred  by  them  to  Chelonia  maculosa. 
I  am  inclined  to  admit  that  my  California  specimens 
are  identical  with  Chelonia  maculosa ;  but  I  question 
the  specific  difference  of  Chelonia  maculosa,  Cue., 
and  Chelonia  virgata,  &Aw.,and  therefore  refer  them 
under  the  older  name,  Chelonia  virgata.  Scfiw.  For 
reference  to  these  species,  see  Dumeril  and  Bibron. 
ErpeL  gencr.,  vol.  2,  p.  541^546. 
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II.  Erctmochelvs,  Fitz. 

The  genus  EretmochelyB  was  first  noticed  by  Fitzinger1  as  distinct  from  Che- 
Ionia.  The  head  is  low;  its  upper  surface  is  broader  than  in  Chelonia,  and 
its  descent  to  the  nose  less.  The  mouth  is  long  and  narrow.  The  sides  of  the 
upper  jaw  are  compressed,  and  the  front  end  drawn  out  forward  and  downward, 
so  that  its  lower  edge  is  in  advance  of  the  nose,  and  below  the  general  plane 
of  the  edges  of  the  sides.  The  front  end  is  narrow  and  blunt,  and  keeps  about 
the  same  width  from  the  nose  down  to  the  lower  edge,  which,  therefore,  is  not 
pointed,  but  like  the  mured  edge  of  a  chisel.  The  edges  of  the  sides  are  nearly 
straight  The  inner  vertical  surface  of  this  jaw  is  broad  at  the  hind  end,  and 
narrows  thenceforward  for  the  greater  part  of  its  length,  but  widens  for  a  short 
distance  to  the  front  end.  This  widening  at  the  front  end  is  not  caused  by  a 
pit-like  depression  in  the  horny  roof,  but  by  a  gentle  rise  of  the  latter  at  the 
symphysis.  The  surface  of  the  horny  roof  falls  from  without  inward  to  a  ridge, 
which  is  divided  at  the  symphysis  by  a  deep  transverse  depression;  it  is  most 
prominent  on  each  side  of  this  depression,  and  decreases  thence  backward ;  from 
the  front  end  backward  it  approaches  the  outer  wall  for  some  distance,  and  then 
again  recedes  from  it  The  furrow  between  this  ridge  and  the  outer  wall  is 
widest  and  deepest  at  the  front  end;  it  narrows  to  about  midway,  and  then 
widens  again  to  the  hind  end ;  but  this  latter  widened  part  is  only  a  slight 
depression.  Within  the  ridge,  the  surface  rises  to  its  inner  edge ;  it  is  as  broad 
at  the  symphysis  as  the  furrow;  it  decreases  backward,  and  vanishes  at  the  hind 
end.  The  lower  jaw  is  also  long  and  narrow ;  it  is  drawn  out  forward  and 
upward  at  the  front  end;  the  alveolar  edge  of  this  end  is  not  pointed,  but 
curved,  and  is  as  high  as  the  angle  of  the  jaw.  The  alveolar  edges  at  the 
sides  are  nearly  straight;  they  are  not  sharp  for  the  whole  length,  but  thick 


1  In  his  System*  Replilium,  published  in  1843. 
In  1844,  J.  E.  Gray,  in  the  Cat.  of  the  Brit.  Mus., 
adopted  it,  but  changed  the  name  to  Caretta.  On 
general  grounds  of  fitne**,  this  name  would  be.  accept- 
able, as  it  is  derived  from  the  vernacular  name  of  the 
tortoise-shell,  the  earet  of  the  French,  and  the  spe- 
cies which  produces  this  valuable  article  is  the  type  of 
the  genus.  It  might  also  be  said,  that,  as  Merrem  ap- 
plied the  name  of  Caretta  to  all  marine  Turtles  in  the 
•rime  sense  as  Brongniart  had  applied  to  them  that 
of  Chelonia,  when  it  became  necessary,  in  the  pro- 
gress of  science,  to  subdivide  the  »ea  Turtles  into  sev- 


eral genera,  the  name  of  Caretta  ought  to  liave  been 
preserved  for  one  of  the  new  genera,  as  well  as  that 
of  Chelonia.  But,  the  naturalist  who  first  noticed 
these  generic  differences  had  the  unquestionable  right 
to  use  his  own  discretion  in  adopting  any  well-framed 
name  he  chose  for  these  genera;  and  as  Fitzinger 
selected  that  of  Erctmochelys  for  the  Turtle  which 
produces  the  tortoisc-«hcll,  that  name  musl  now  be 
retained,  and  no  one  has  a  right  to  change  it  here- 
after. Dumcril  and  Bibron  consider  this  genus 
merely  as  a  sub-genus  of  their  Chelonia,  which  in- 
cludes all  the  marine  Turtle*,  except  Sphargis. 
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and  blunt  for  some  distance  in  front  of  the  angle.  The  lower  surface  of  this 
jaw  is  turned  down,  at  its  front  end,  below  its  level  at  the  sides.  The  furrow 
corresponding  to  the  ridge  of  the  upper  jaw  is  broad  at  the  symphysis;  it  is 
deep  below  the  outer  edge,  and  short,  reaching  back  to  where  the  alveolar  edge 
becomes  blunt;  it  narrows  from  the  symphysis  backward  to  a  point,  and  at  its 
inner  edge  rises  to  a  small  ridge.  The  surface  within  the  ridge  descends  steeply 
and  in  one  slope  to  the  attachment  of  the  tongue.  While  the  mouth  closes,  the 
cutting  edges  approach  each  other  first  at  the  front  and  hind  ends.  The  cutting 
edges  are  sharp,  but  not  serrated,  and  there  are  no  teeth  or  furrows  on  any 
part  of  the  horny  surface  of  the  mouth.  The  horny  bill  is  stiff,  and  project* 
unusually  far  beyond  the  bone  of  the  jaw. 

The  arrangement  of  the  scales  on  the  upper  surface  of  the  head  is  very  sim- 
ilar to  that  of  Chelonia,  excepting  that  the  row  of  seven  scales,  which  encircles 
the  large  middle  scale,  is  more  on  the  top  of  the  head,  and  extends  less  down 
on  its  sides.  Two  pairs  of  scales  reach  from  this  row  forward  to  the  nose.  The 
field  of  scales  on  the  check,  like  the  check  itself,  is  small,  consisting  in  number 
of  from  seven  to  ten  scales. 

The  body  is  long,  narrow,  and  oval.  The  marginal  rim  descends  steep  and 
wide  over  the  shoulders,  and  flares  out  wide  only  about  the  hind  end  of  the 
body.  The  scales  on  the  shield  are  thick  and  stiff,  forming  hard  plates  (the 
tortoise-shell  of  commerce);  they  are  pointed  behind,  and  imbricated,  each  one 
overlapping  the  one  next  behind.  The  large  scales  on  the  inner  edge  of  the 
front  limbs  are  narrower  at  their  outer  than  at  their  inner  ends,  a  character 
which  seems  to  be  connected  with  the  manner  of  folding  back  the  limbs.  The 
tortoise-shell  is  obtained  from  the  species  of  this  genus. 

Modern  hcrpetologists  admit,  in  this  genus,  only  one  single  species,1  which  is 
believed  to  be  common  to  the  Atlantic  and  the  Pacific  Oceans.  Having  had 
ample  opportunities  of  comparing  specimens  from  the  West  Indies  with  a  series 
of  young  and  adults  from  the  South  Seas,  preserved  in  the  museum  of  the 
Essex  Institute  in  Salem,  I  have  satisfied  myself  that  the  shell  Turtles  of  the 
Pacific  Ocean  differ  specifically  from  those  of  the  Atlantic.  Specimens  from  the 
West  Indies  having  first  been  described  under  the  namo  of  Testudo  imbricata, 
under  which  both  are  now  confounded,  this  specific  name  unquestionably  belongs 
to  the  Atlantic  species. 

Eretmochelvs  imbricata,  FUz}    This  species  is  common  in  the  West  Indies,  and 


1  Though  synonymous  with  (he  following  species, 
Chelonia  P*eudo-Caretta  of  Lesson  is  generally  con- 
sidered as  a  nominal  species,  whilst  Kuhl's  Chelonia 
multiscutata  is  unquestionably  a  monstrosity. 


•  This  species  is  more  generally  known  under  the 
names  of  Testudo  imbricata,  Chelonia  imbricata,  Ca- 
retta  imbricata.  See,  for  references,  Dr.  Holbrook's 
N.  Am.  HerpT  and  Dum.  and  Bibr.  Erpot.  gencr. 
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extends  all  over  the  Gulf  of  Mexico,  and  along  the  coasts  of  the  southern 
United  States.  I  have  seen  it  alive  at  Key  West  (Florida);  specimens  were 
also  brought  to  me  from  that  locality  by  my  young  friend,  Theodore  Lyman,  of 
Boston.  It  is  occasionally  seen  along  the  coasts  of  Mississippi,  and  all  along 
the  coasts  of  Texas  and  Mexico.  It  is  frequent  around  Yucatan,  in  the  Little 
Antilles,  and  especially  about  Jamaica  and  the  Cayman  Islands;  it  extends  also 
along  the  coasts  of  Guiana  and  Brazil.  Whether  the  specimens  observed  by 
Tschudi,  on  the  coast  of  Peru,  belonged  to  this  or  the  next  species,  1  am  unable 
to  state;  nor  do  I  know  whether  it  occurs  on  the  Atlantic  coast  of  Africa. 

Eretmociiklys  squamata,  Ag}  This  species  is  as  common  in  the  Indian  and  Pacific 
Oceans  as  the  preceding  in  tropical  America.  It  has  been  observed  by  Siebold 
on  the  coasts  of  Japan ;  it  is  already  more  common  in  the  Chinese  waters ;  it 
is  frequent  about  the  Sunda  Islands,  New  Guinea,  and  Borneo,  and  in  the  Indian 
Ocean  about  the  Seychelles.  Duraenl  and  Bibron  quote  it  from  Isle  Bourbon, 
and  Lesson  from  the  low  islands  of  the  Pacific. 

Young  specimens  of  Eretinochelys  imbricata  and  squamata  are  very  similar, 
heart-shaped ;  but  while  Eretinochelys  squamuta  preserves  this  form  to  old  age, 
the  adult  Eretmochelys  imbricata  is  more  elliptical.  The  squamation  is  also  very 
similar;  but  while  Eretmochelys  squamata  has  distinct,  though  small  horny  plates 
upon  the  neck,  Eretmochelys  imbricata  has  none,  and  exhibits  only  minute  folds 
in  the  skin.  The  keels  upon  the  large  epidermal  scales  of  the  shield  are  much 
more  developed  in  Eretmochelys  squamata  than  in  Eretmochelys  imbricata.  There 
is  one  median  ridge  upon  the  scales  of  the  vertebral  row  from  the  first  scale 
to  the  last;  in  the  Atlantic  species,  only  upon  the  last  four  scales.  There  are, 
besides,  converging  ridges  upon  all  these  median  scales  in  Eretmochelys  squamata, 
and  only  upon  the  last  two  in  Eretmochelys  imbricata.  In  Eretmochelys  squamata 
the  scales  of  the  costal  row  exhibit  prominent  ridges,  arising  from  the  angles 
they  form  with  the  marginal  scales,  and  extending  to  the  posterior  free  angle  of 
each  scale,  of  which  no  trace  is  observable  in  Eretmochelys  imbricata,  neither  in 
young  nor  in  adult  specimens.  These  ridges  are  intersected  by  the  lines  of  growth, 
and  have  the  appearance  of  a  projecting  chain.  The  ridges  upon  the  middle 
rows  of  the  sternal  scales  are  much  more  prominent  in  Eretmochelys  squamata 
than  in  Eretmochelys  imbricata.    The  projecting  ridges  of  the  scales  of  the  mar- 


1  I  adopt,  as  the  specific  name  of  this  Turtle,  one 
of  the  synonyms  referred  by  Linnseus  to  the  preced- 
ing specie*.  I  select  this  in  preference  to  several 
others,  such  te  Caretla  nasicornis,  Aferr.,  Chelonia 
multisculata,  KuM.,  Chelouia  Fseudo-Caretta,  Let.,  or 


Testudo  macropus,  W<dh^  he  cause  it  is  the  oldest 
name  applied  to  a  Turtle  supposed  to  be  identical 
with  Eretmochelys  imbricata,  and  also  because  the 
name  tquamnta  is  particularly  appropriate  for  a  spe- 
cies from  which  the  tortoise-shell  is  obtained. 
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ginnl  row  form  more  prominent  points  in  Eretmochelys  imbricata  thnn  in  Eret- 
mochelys squamata.  Lew  marked  differences  are  further  observed  in  the  form  of 
the  different  scales,  all  of  which  coincide  to  show  that  the  Eretmochelys  of  the 
Atlantic  and  of  the  Pncific  Oceans  are  distinct  species. 


IIL    THALASS0CUXLY8,  Fitz. 

The  genus  Thalassochelys  was  established  by  Fitzinger,  in  his  systematic 
arrangement  of  the  Testudinata.1  The  head  is  low,  broad,  and  flat  on  top;  its 
upper  surface  descends  but  little  forward,  and  the  nose  is  placed  high,  which  is 
made  necessary  by  the  height  to  which  the  roof  of  the  mouth  is  raised  under 
it  The  mouth  i8  broad ;  the  jaws  are  prolonged  at  the  front  end  toward  one 
another  to  strong,  pointed  beaks,  but  they  are  not  drawn  out  forward,  as  in 
Eretmochelys.  The  outer  edge  of  the  upper  jaw  rises  on  either  side  of  the 
pointed  beak,  and  then  curves  down  under  the  eye.  The  vertical  inner  surface  of 
this  jaw  is  very  broad  at  the  hind  end ;  it  narrows  forward  to  about  midway,  and 
then  again  widens  to  the  front  end,  where  it  is  broadest  The  horny  surface  of 
the  roof  of  the  mouth  is  high  at  the  hind  end ;  it  curves  down  thence  to  about 
midway,  and  then  rises  again  to  the  front  end,  where  it  is  highest  This  curve 
from  end  to  end  is  uninterrupted  at  the  outer  edge;  but  from  this  edge  the 
surface  descends  inward  and  backward  for  some  distance,  then  suddenly  rises,  like 
a  step  in  a  staircase,  and  then  again  curves  up  gradually  inward  and  backward 
to  its  hind  edge.  The  part  in  front  of  the  step  can  hardly  be  called  a 
furrow,  or  its  inner  edge  a  ridge,  for  it  descends  gently,  and  comprises  about 
half  of  the  whole  horny  roof;  there  is  a  depression  in  its  inner  edge  at  the 
symphysis ;  on  either  side  of  this  depression,  it  has  more  than  half  the  width 
of  the  whole  horny  surface.  It  narrows  backward,  and  before  reaching  its  hind 
end  unites  imperceptibly  with  the  part  in  front  of  the  step.  It  has  a  pit  at 
the  front  end  of  the  symphysis.  The  lower  jaw  is  high  at  the  angle,  and  at 
the  front  end  is  drawn  out  to  a  long,  strong  point  which  is  still  higher  than 
the  angle.  The  outer  alveolar  edge,  from  the  angle  to  the  point,  is  deeply 
concave.  The  alveolar  surface  descends  steeply  inward,  is  very  broad  at  the  sym- 
physis, and  narrows  backward  to  the  angle.  At  its  inner  edge  it  rises  to  a 
small  ridge,  and  from  the  crest  of  the  ridge  it  descends  steeply  and  on  one 

1  Entwurf  ciner  Syst.  Anortln.  der  Sohildkriilen.  E.  Gray  in  the  Cat.  Brit.  Mus.  1844,  under  the  new 
Ann.  des  Wiener  Museums,  183C,  4 to.  It  is  main-  name  of  Caouana.  Dumeril  and  Bibron  consider 
tained  in  tlie  Syrt.  Amph.  of  1843,  and  adopted  by  J.       this  genus  simply  as  a  sub-genus  of  Chelonia. 
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slope  to  the  attachment  of  the  tongue.  The  cutting  edges  are  blunt  and  not 
serrated,  and  the  horny  surface  of  the  mouth  generally  smooth. 

The  body  is  very  broad  across  the  shoulders,  and  Bhort  from  the  scapular 
arch  to  the  front  end.  The  marginal  rim  flares  out  broad  at  the  hind  end, 
and  continues  so  forward  nearly  to  the  shoulders.  The  curve,  from  side  to  side 
over  the  upper  median  line  of  the  body,  is  somewhat  flattened.  There  is  a 
keel  along  the  median  line.  The  scales  are  everywhere  thin  and  flexible.  The 
head  is  so  flattened  above  that  the  circle  of  scales  around  the  large  median  one 
on  top  is  almost  entirely  upon  the  upper  surface.  The  scales  of  this  circle  are 
less  regular  and  more  numerous  than  in  the  other  genera,  about  twenty  in  num- 
ber in  the  specimen  examined.  There  are  two  pairs  between  this  circle  and  the 
nose.  The  field  of  scales  on  the  cheeks  is  small,  but  the  number  is  about  the 
same  as  in  Chelonia,  namely,  from  fifteen  to  twenty.  There  is  one  marked  pecu- 
liarity in  the  arrangement  of  the  scales  on  the  shield,  namely,  an  addition  of 
one  scale  to  the  row  covering  the  costals,  on  each  side  of  the  median  row,  on 
the  upper  surface.  The  additional  scale  is  small,  and  situated  at  the  front  end 
of  its  row.  In  the  specimens  examined  there  are  twenty-seven  scales  in  the 
marginal  row,  which  is  one  pair  more  than  in  the  specimens  of  the  other  genera 
which  could  be  compared. 

This  genus  numbers  thus  far  only  two  species;1  one  of  which  is  found  in 
the  Atlantic  and  in  the  Mediterranean,  and  the  other  in  the  Pacific  Ocean. 

Thalabsociielys  Caouana,  Fitz.  This  species  is  very  common  along  the  Ameri- 
can coasts  of  the  Atlantic,  from  Brazil  to  the  southern  United  States.8  It  is  the 
most  common  species  of  Chelonioid  found  upon  the  coasts  of  the  United  States, 
as  it  is  even  frequent  in  latitudes  where  other  species  occur  only  accidentally. 
It  breeds  usually  as  far  north  as  the  thirty-second  degree  of  latitude,  on  the 
coast  of  South  Carolina,  whence  I  have  obtained  large  numbers  of  eggs,  through 
the  kindness  of  lion.  J.  Townsend,  and  occasionally  even  as  far  north  as  North 
Carolina  and  Virginia.  It  may  be  seen  along  the  whole  coast  of  the  more 
southern  States  during  the  breeding  season,  in  Georgia,  Florida,  Alabama,  and 
Mississippi.     From  Florida  I  have  obtained  eggs  in  every  stage  of  development, 

1  J.  E.  Gray  enumerate*  a  third  epecics,  Cat.  *  Its  most  common  names  are  Tertudo  Caretta, 

Brit.  yiuK.  under  the  name  of  Caouana  elongata,  of  Chelonia  Caretta,  Testudo  Cephalo,  Chelonia  Cepha- 

which,  however,  ho  lias  only  seen  one  shield.    I  must  lo,  Caretta  Cephalo,  Testudo  Caouana,  Chelonia  Ca- 

leavc  it  doubtful  whether  the  species  of  the  Pacific,  ouana,  Caretta  Caouana,  Caouana  Caretta,  etc.  For 


the  Chelonia  olivacea  of  Eschscholtz,  (Chelonia  Dus-  references,  see  Dr.  llolbrook's  N.  Am.  Herp.,  and 
sumieri,  Dum.  and  JKbr.,)  truly  belongs  to  this  genua,    •  Dum.  and  Bibr.  Krpol.  gine'r.    With  the  exception 


or  i*  to  be  considered  as  the  type  of  a  dutincl  genus,       of  Valenciennes,  all  zoologist*  consider  the 

and  the  American  Cuouoiia  as  identical. 
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through  the  kindness  of  Mr.  L  W.  P.  Lewis.  It  is  found  everywhere  in  the 
Gulf  of  Mexico  and  among  the  West  India  Islands,  from  the  Bahamas  to  Trin- 
idad, and  further  south  along  the  coast  of  Guiana  and  Brazil.  The  many  speci- 
mens I  have  examined  leave  no  douht  in  my  mind  that  there  exists  only  one 
species  of  this  genus  in  America.  But  the  question  now  arises,  whether  the 
Caouana  of  the  Mediterranean  is  identical  with  that  of  America.  Unlike  Sphar- 
gis, the  Caouana  is  common  in  Europe;  it  breeds  there  as  well  as  in  America, 
and  unquestionably  is  at  home  in  the  Mediterranean.  It  would,  therefore,  be 
highly  important  to  ascertain  whether  the  American  Caouana  ever  crosses  the 
Atlantic.  Tins  is  the  more  desirable,  as  Valenciennes  has  described  the  European 
Caouana  as  a  distinct  species,  under  the  name  of  Chelonia  Pelasgorum.1  The 
more  extensive  range  of  this  species  northward  along  the  coast  of  the  United 
States,  might  explain  its  frequence  in  the  Mediterranean,  if  the  Chelonia  Pelas- 
gorum is  not  a  different  species.  If  it  is  distinct,  the  American  species  may  yet, 
as  do  some  of  the  American  Birds,  occasionally  appear  in  the  Mediterranean,  and 
have  been  confounded  with  the  European  species.  There  are  here  four  possibil- 
ities, which  render  renewed  investigations  and  direct  comparisons  of  European  and 
American  specimens  very  desirable.  Either  the  European  Caouana  has  come  from 
America,  following  the  Gulf  Stream,  in  larger  numbers  than  Sphargis  docs,  and, 
settling  in  Europe,  has  become  as  numerous  there  as  it  is  on  the  other  side 
of  the  Atlantic,  the  reverse  course  being  impossible  on  account  of  the  direc- 
tion of  the  Atlantic  currents;  or,  this  species,  though  identical  in  Europe  and 
in  America,  has  originated  separately  in  both  hemispheres ;  or,  a  closer  compari- 
son may  show  that  the  European  and  the  American  are  distinct  species ;  or, 
finally,  though  the  European  and  the  American  were  distinct  species,  the  Ameri- 
can may,  nevertheless,  occasionally  visit  the  shores  of  Europe,  as  Sphargis  does. 
There  are  other  reasons  which  render  a  direct  comparison  of  the  Turtles  of  this 
genus  from  different  oceans  very  desirable.  Tcmminck  and  Schlegcl  state,1  that  the 
Chelonia  olivacea  is  the  same  species  as  the  Caouana,  which  may  wander  as  far 
as  New  Holland  and  Japan.  Such  an  ubiquitous  occurrence  of  this  species  can 
hardly  be  admitted  without  more  stringent  evidence  than  that  alluded  to  by 
them,  especially  when  such  a  mode  of  distribution  runs  directly  against  the  well- 
known  direction  of  the  oceanic  currents. 

Audubon  states,  that  the  Loggerhead,  Caouana,  feeds  mostly  on  large  conchshells. 
The  young  of  this  species,  about  which  more  may  be  found  in  the  following 
section,  are  figured  in  PI.  6,  fig.  13  to  32,  and  the  eggs,  which  are  more  fully 
described  in  the  Third  Part  of  this  work,  are  represented  in  PI.  7,  fig.  30. 


1  Expedition  scientifique  dc  la  Moreo,  Pari*,  1840,  fol. 

49 


'  Fauna  japonica,  Chelonii,  p.  26. 
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A  large  species  of  this  family  has  been  found  by  Professor  Francis  S.  Holmes, 
of  Charleston,  in  the  tertiary  deposits  of  South  Carolina.  Other  specimens,  from 
the  miocene  of  New  Jersey,  have  been  described  by  Dr.  J.  Lcidy  under  the  name 
of  Chelone  grandaeva,  and  others  still,  from  the  green  sand,  under  the  name  of 
Chelone  omata;1  but,  whether  they  belong  to  the  genus  Chclonia  as  now  limited, 
or  to  Thalassochelys,  or  to  Eretmochelys,  is  not  yet  ascertained. 


CMMPAUISON  OF  THE  GKOWTII  OK  THE  CHELONII  WITH  THAT  OF  THE  AMTO.E 

The  investigation  of  the  general  form  of  young  Emydoida?,  and  a  minute  com- 
parison with  the  adults*  has  led  to  the  result,  that  all  Emydoidtc  exhibit,  when 
hatching,  a  circular  form,  which  grows  more  and  more  elliptical  with  advanc- 
ing age.  This  law  of  morphological  development  does  not  hold  good  for  sea 
Turtles.  On  the  contrary,  they  are  much  longer  in  proportion  to  their  width, 
when  hatching,  and  then  grow  gradually  broader.  The  upper  shield  of  Thalasso- 
chelys Caouana,  when  hatching,  has  a  longitudinal  diameter  of  0",,045,  and  a  trans- 
verse diameter  of  0",035  ;  a  fortnight  after,  the  relation  is  0m,04G  to  0",038; 
after  twenty-one  days,  0m,050  to  0",042 ;  and  in  the  half  grown,  0",275  to  0",250. 
This  clearly  shows  a  change  from  a  longer  to  a  broader  form,  just  the  reverse  of 
what  is  observed  in  the  Amyda?.  How  is  this  to  be  understood  I  Is  the  develop- 
ment of  the  form  just  the  opposite  in  these  two  sub-orders,  or  is  it,  perlmps,  that 
the  Araydae  have  already  run  through  the  form  of  the  Chelonioidaj  while  in  the 
egg,  and  appear  now  round  when  hatching,  to  grow  again  more  and  more  ellipti- 
cal? The  inference  from  this  la.st  view  of  the  case  would  be,  that  the  Cheloni- 
oida?  only  reach  in  their  highest  perfection,  namely,  in  the  adult  state,  (Thalasso- 
chelys Caouana,)  the  form  which  the  Amydas  exhibit  when  hatching.  This  view 
is  at  least  sustained  by  the  facts  which  lie  before  us ;  but.  further  comparisons, 
particularly  of  young  Sphargidida?,  must  show  whether  this  is  the  law.  But,  before 
considering  more  fully  the  evidence  thus  far  collected  upon  this  point,  let  us 
examine  more  minutely  the  peculiarities  which  our  young  Thalassochelys  Caouana 
exhibits,  at  the  time  it  is  hatched. 

As  in  the  Amyda?,  the  head  of  the  Th.  Caouana,  when  hatching,  is  exceedingly 
large.     The  horn  by  which  the  eggshell  is  broken  is  a  solid  excrescence  of  the 

'  1W  Acad.  NaU  Sc.  Pliila.,  vol.  5,  p.  329,  vol.  8.  p.  303.        '  Hoc  above,  Chap.  1,  Sect.  4,  p.  200  to  295. 
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upper  jaw.  On  the  top  of  the  head  there  in  a  glohular  elevation,  which  doe* 
not  rest  merely  in  the  skin  ;  the  height  of  the  hemispheres  of  the  brain  them- 
selves causes  the  brain-box  to  rise  in  this  region.  The  upper  jaw  hIiows  thus  far 
no  sign  of  the  hook,  which  is  so  largely  developed  in  the  adult;  on  the  contrary, 
its  lower  edge  is  notched  in  front.  The  inner  margin  of  the  sheath  of  this  bill  runs 
far  backward  over  the  palate,  even  more  so  than  in  the  adult,  filling  up  the  whole 
triangle  between  the  alveolar  edges.  The  lower  bill,  however,  is  provided  with  a 
Bharp  hook,  running  upwards.  The  nostrils  lie  and  open  more  upwards  than  in 
the  adult,  in  which  they  are  directed  half  forwards.  The  lower,  or  rather  pos- 
terior eyelid,  is  provided  with  a  comb-like  row  of  scales,  which  fades  entirely 
away  in  the  adult  The  neck  is  very  bulky,  and  has  the  same  transverse 
diameter  as  the  head.  The  shape  of  the  back  is  oval ;  there  is  a  median  exca- 
vation in  front  for  the  neck,  and  two  lateral  ones  for  the  arms.  Behind,  the 
carapace  tapers  backwards,  and  runs  out  into  a  sharp  angle.  Three  rows  of  tuber- 
cles are  situated  along  the  back,  converging  towards  the  hind  end,  one  of  them 
upon  the  median,  the  two  others  upon  the  costal  plates.  (See  PI.  G,  fig.  15  and 
16.)  These  tubercles  begin  in  the  anterior  margin  of  each  plate,  and  rise  more 
and  more  in  a  longitudinal  direction  backwards.  Four  similar  rows  of  tubercles 
are  seen  below,  upon  the  sternal  plates,  and  upon  the  plates  of  the  bridge.  (PI. 
C,  fig.  14.)  All  these  tubercular  ridges  arise  from  the  thickening  of  the  corium, 
and  arc  not,  as  one  might  suppose,  merely  owing  to  a  bulging  of  the  epidermal 
plates.  They  all  vanish  also,  sooner  or  later,  in  the  adult,  except  those  in  the 
median  line  of  the  back,  and  two  upon  the  two  median  rows  of  plates  of  the 
sternum.  These  ridges  of  tubercles,  the  conical  shape  of  the  whole  trunk,  which 
is  far  higher  than  in  the  adult  and  tapers  backwards  nearly  to  a  point,  the  round- 
ing and  curving  of  the  circumference  of  the  body,  instead  of  exhibiting  a  sharp 
and  flattened  margin  as  we  find  it  in  the  adult,  give  to  this  young  Th.  Caouana 
a  general  resemblance  to  Sphargis  which  is  very  striking.  This  is  particularly 
obvious  in  a  cross-section  through  the  trunk.  (See  PI.  0,  fig.  17.)  This  shows, 
again,  that  the  Sphargididoe  have  the  lowest  standing  among  the  sea  Turtles,  as  this 
family  preserves,  in  its  adult  form,  features  which  prevail  in  the  Chelonioidaa  only 
during  their  earlier  development 

The  dorsal  plates  of  the  Th.  Caouana  when  hatching  show,  however,  the  same 
great  breadth  in  relation  to  the  length,  that  we  find  in  the  hatching  Amyda*;  but, 
while  in  the  latter  all  the  plates  increase  afterwards  in  length  at  the  expense  of 
their  transverse  diameter,  in  the  Chelonioidae  the  median  ones  only  grow  longer 
than  broad,  while  the  costal  ones  grow  broader  and  broader.  The  marginal  plates 
vary  in  number.  We  find  fourteen  in  a  half  grown  specimen;  while  in  a  series  of 
young  ones  their  number  differs  from  twelve  to  fourteen;  and  again  they  arc  of 
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very  unequal  sizes.  The  plates  of  the  sternum  grow  broader  as  the  animal  grows 
older,  just  the  opposite  of  what  we  see  in  the  Amydae.  Tins  is,  however,  much  more 
extensively  the  case  with  the  two  median  rows  than  with  the  lateral  rows  of  the 
bridge,  which  latter  arc  nearly  as  broad  in  the  hatching  Caouana  as  the  median 
ones;  while  in  the  adult,  their  transverse  diameter  is  hardly  more  than  one  third 
of  that  of  the  median  ones.  The  connection  of  this  change  of  the  form  of  the 
plntes  with  the  change  of  the  whole  shape  of  the  trunk,  as  described  in  this  sec- 
tion for  the  Chelonioidas,  and  above  (p.  204)  for  the  Emydoida?,  is  self-evident  The 
sculpture  of  the  plates  is  exceedingly  fine  in  the  hatching  Th.  Caouana,  This  sculp- 
ture is  preserved  in  some  land  Turtles  and  some  Emydoidae  throughout  life,  but 
Boon  fades  away  in  the  sea  Turtles.  As  this  sculpture  of  the  plates  rests  merely 
in  the  epidermal  plates,  it  is  not  to  bo  confounded  with  the  wart-like  excrescences 
which  we  meet  with  in  the  hatching  Chclydroidoj  and  Cinosternoidae.  The  latter 
consist  in  real  thickenings  of  the  corium,  which  ossify  on  a  very  large  scale  in 
Gypochelys,  and  are  homologous  to  the  rows  of  tubercles  in  Caouana  which  have 
been  described  above. 

The  tail  of  the  young  sea  Turtles  is  exceedingly  short;  not  any  longer,  in  pro- 
portion to  their  size,  than  in  the  adult.  This,  again,  is  different  from  what  we  see  in 
hatching  Amydae,  where  the  tail  of  the  young  is  so  remarkably  long ;  in  the  Einy- 
doidtu,  nearly  as  long  as  the  whole  carapace.  If  we  attempt  to  give  an  explanation 
for  this  strange  discrepancy,  we  are  led  to  the  conclusion  that  it  must  be  owing 
to  the  circumstance,  that,  as  in  young  Emydoida?  all  the  four  feet  serve  as  paddles 
and  the  tail  acts  as  a  rudder,  while  in  sea  Turtles  the  front  feet  only  are  pad- 
dle* and  the  hind  feet  serve  as  rudder,  the  Chclonioida)  do  not  need  such  a  strong 
rudder  tail  as  the  young  Emydoida?,  which  have  no  rudder  but  the  tail,  their  hind 
feet  being  paddles.  In  relation  to  this  use  of  the  hind  feet  as  rudders  in  sea 
Turtles,  we  refer  to  PI.  6,  fig.  13,  15,  and  16,  which  show  the  green  Turtle  in  a 
swimming  attitude.  The  hind  feet  of  Thalassochelys  Caouana,  when  hatching,  arc 
very  broad,  and  the  front  feet  also  arc  broader  and  much  longer  in  comparison 
than  in  the  adult  The  claws  of  the  thumb  and  the  first  finger  are  long  and 
strong,  while  iu  the  adult  they  fude  nearly  entirely  away. 

Having  thus  described  the  young  Thalassochelys  Caouana  as  the  most  acces- 
sible representative  of  the  family  of  Chelonioida?  at  the  time  of  hatching,  and  com- 
pared it  with  the  adult  as  we  have  before  described  the  changes  which  the  Amydae 
undergo  from  the  time  of  their  birth  to  adult  age,  exemplifying  these  metamor- 
phoses in  our  common  Chrysemys  picta,  we  may  now  proceed  to  compare  the 
earlier  changes  which  Turtles  undergo  in  the  egg,  with  a  view  of  ascertaining 
how  the  differences  exhibited  by  the  two  sub-orders  of  Testudinata  arc  to  be 
understood. 
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There  is  an  early  period  in  the  development  of  the  Tcstudinata,1  when  the 
embryo  presents  the  most  striking  resemblance  to  that  of  any  other  allantoidian 
Vertebrate.  At  that  age  the  embryo  has  not  the  remotest  resemblance  to  a  Tur- 
tle. It  is  then  slender,  and  comparatively  much  longer  than  wide.  (PI.  G,  fig. 
28-32;  PI.  13,  fig.  2-9;  PI.  14,  fig.  2a,  and  3-9;  PL  16,  fig.  6;  and  PL  18a,  fig. 
2  and  14.)  There  is  no  sign  of  the  characteristic  shield  ;  the  whole  body  is  as 
elongated  as  that  of  a  young  snake  of  a  corresponding  age;*  the  head  is  very 
large  in  comparison  with  the  size  of  the  animal;  the  eyes,  especially,  are  large  and 
prominent  (PL  14,  fig.  3);  the  trunk  is  broader  forward,  and  tapers  gradually  back- 
ward to  a  long  tail;  the  limbs,  when  first  formed,  project  only  as  small  rounded 
paddles,     (PL  6,  fig.  28-32.) 

When  the  shield  makes  its  first  appearance,  it  is  only  a  fold  in  the  skin, 
extending  on  both  sides  of  the  main  axis,  and  converging  in  front  of  the  body 
and  over  the  tail.  (See  PL  15,  fig.  13;  and  PL  6,  fig.  2C  and  27.)  The  body 
being  still  very  long,  the  outline  of  this  fold,  when  seen  from  above,  has  an  ovate 
form.  The  tail  of  the  Caouana,  so  short  afterwards,  is  still  as  long  as  in  the 
Amydn»,  and  its  feet  not  longer  than  those  of  the  Amydae.  (See  PL  6,  fig.  24-27.) 
At  this  age  all  Turtles  resemble  one  another.  I  have  seen  Chelonioida?,  Chelydroida?, 
Trionychida?,  Cinostcrnoida?,  and  a  number  of  species  of  Emydoidro  in  this  condi- 
tion of  development,  which  could  not  be  distinguished  one  from  the  other. 

Gradually  the  sides  widen,  so  that  the  preponderance  of  the  longitudinal  over 
the  transverse  diameter  is  considerably  lessened,  and  the  characteristic  features  of 
the  Turtles  are  brought  out  distinctly.  (See  PL  6,  fig.  10-12,  fig.  22-25;  PL  9c, 
fig.  9-12,  18,  19,  and  22,  23;  PL  14,  fig.  1;  PI.  15,  fig.  4-6;  PL  16,  fig.  5;  and  PL 
18a,  fig.  2.  See  also  Rathke,  Entw.  der  Sebildkroten,  PL  10,  fig.  8  and  9.)  At 
this  stage  of  the  development  the  young  of  all  the  Tcstudinata  have  still  the  same 
form,  to  whatever  family  they  may  belong;  but,  as  far  as  a  dorsal  shield  is  char- 
acteristic of  Turtles,  they  are  unmistakable  Turtles.  That  no  family  difference  can 
as  yet  be  perceived  is  plain  from  the  fact,  that  the  figures  here  referred  to 
represent  the  young  of  Chelonioida?,  of  Chelydroida?,  of  Cinosternoida?,  and  of  Emy- 
doidai*  The  most  remarkable  features  of  this  age  consist  not  only  in  the  perfect 
identity  of  the  form,  of  the  limbs,  and  of  the  shield,  but  also  in  the  greater  width 
of  the  anterior  part  of  the  shield,  and  in  the  great  preponderance  of  the  head. 

But  now  great  changes  take  place.     Henceforth  the  young  of  different  faini- 


1  The  earliest  stages  of  development  are  de- 
scribe in  Part  III.  with  fuller  comparisons  with  the 
other  allantoidian  Vertebrates. 

*  Compare  Rathke,  Entwieltelung-gt  wh.  d.  Nat- 
ter, PL  1,  fig.  3  and  4,  with  my  fig.  4,  PI.  14 


*  PI.  C,  fig.  22-25,  represent  the  embryo  of  Tha- 
lassochclys  Caonana;  PI.  fi,  fig.  10-12,  that  of  On* 
tlieca  odorataj  PL  9r,  fig.  9-12,  that  ofChelydra  ser- 
pentina; and  PI.  9c,  fig.  18,  19,  and  22,  23,  that  of 
Cbrysemys  picta. 
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lies  present  marked  differences.  The  Chelonioidaj  become  Chelonioid ;  the  Chely- 
droidse,  Chelydroid ;  the  Cinosternoidne,  Cinosternoid :  the  Emydoida*,  however,  assume 
specific  characters  before  they  take  on  their  Emydoid  form.  Though  the  Chelo- 
nioida?  do  not  widen  as  much  in  proportion  to  their  length  as  the  representatives 
of  other  families,  the  increase  in  width,  as  far  as  it  extends  in  them,  takes  place 
chiefly  in  the  anterior  part  of  the  shield,  so  that  their  form  becomes  more  heart- 
shaped  (PI.  G,  fig.  18-21);  or,  what  is  the  same,  leans  already  towards  the  form  of 
the  adult.1  The  presence  of  large  epidermal  scales  upon  the  shield  shows  already, 
at  this  early  age,  that  this  young  sea  Turtle  must  beloug  to  the  family  of  Che- 
lonioidaj, and  not  to  that  of  Sphargididae.  In  Cinosternoidce,  Chelydroidaj,  and  Emy- 
doidsu  the  shield  widens  more  in  the  posterior  part;  especially  in  Cinosternoida?, 
which  remain  narrow  (PI.  9c,  fig.  8)  for  a  longer  time  than  either  Chelydroidaj  and 
Emydoidai,  —  or,  what  is  the  same,  the  Cinosternoida)  assume  earlier  than  either  the 
Chelydroidaj  or  Emydoida;  a  tendency  towards  their  permanent  form.  The  Cinos- 
teruoidae  and  the  Chelydroidaj  are,  moreover,  impressed  with  other  characters  peculiar 
to  their  family  at  an  earlier  period  than  the  Emydoida?.  Thus  the  peculiar  sculp- 
ture of  their  surface,  like  the  keels  of  the  Chelonioida?,  are  seen  very  early.  (See 
PI.  9c,  fig.  13-17  ;  PI.  15,  fig.  7;  and  PI.  G,  fig.  18-20.)  The  Emydoidre,  on  the 
contrary,  go  on  widening,  (PI.  9c,  fig.  20,  21,  and  PI.  1G,  fig.  2,)  and  acquire  a  per- 
fectly circular  form,  identical  with  that  of  the  Trionychidao  at  the  time  of  hatching, 
(PI.  G,  fig.  1-7,)  before  their  most  prominent  family  characters  begin  to  appear.  This 
shows  plainly  that  the  circular  form  is  only  a  transient  form  with  the  Emydoida', 
while  it  marks  the  closing  development  of  the  form  of  Trionychidaj,  and  is  not 
even  reached  by  the  Chelonioida)  and  Cinosternoida?.  In  Chelydroida1,  on  the  con- 
trary, the  circular  form  is  already  accompanied  by  all  the  prominent  family  char- 
acters, (PI.  15,  fig.  1-3.)  as  in  Trionychida?,  long  before  they  are  hatched.2 


1  The  legs  also  elongate  early  into  a  form  approx- 
imating that  of  paddle*.    PI.  6,  fig.  20. 

1  In  Part  L,  Clmp.  2,  Sett.  8,  p.  172  to  17C,  I 
have  already  discu-sed  the  subject  of  the  successive 
development  of  the  characters  in  a  general  way. 
The  particular  result*  obtained  from  the  study  of  the 
Turtles  deserve,  however,  a  special  notice.  We  liave 
seen  that,  at  a  very  early  period,  the  embryo  of  Tur- 
tles presents  all  the  characteristics  of  a  vertebrated 
animal.  Hut,  even  before  it  can  be  recognized  as  a 
Vertebrate,  the  germ  has  already  acquired  the  inde- 
pendence of  a  new  being.  It  is  an  individual,  free 
from  it*  parent,  before  it  even  shows  to  what  branch 
of  the  animal  kingdom  it  belong*.    This  exemplifies 


strikingly  the  importance  of  individuality  as  the  most 
prominent  feature  in  every  organic  development. 
But  individuality  is  not  only  elutracteristic  as  the  pri- 
mary step  in  the  growth  of  every  living  being;  it  re- 
mains also  characteristic  through  life,  so  much  so  in- 
deed, that  individual  peeuliarities  are  superadded  even 
to  the  highest  features  of  their  race,  in  almost  every 
individual,  to  whatever  species  he  may  belong.  Thus 
Nature  herself  teaches  us  the  true  value  and  dignity 
of  individuality.  This  shows  plainly  how  contrary  to 
the  law  of  organic  growth  must  be  every  restraint, 
whether  natural  or  artificial,  which  does  not  foster  the 
highest  development  of  the  species.  (I'nder  natural 
restraint,  I  would  consider  the  influence  of  physical 
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These  facts  show  plainly,  that  there  is  a  common  plan  of  development  in  all 
Tcstudinato,  however  much   they  may  differ  in  their  full-grown   state,  and  that 


agents  U  far  as  they  limit  the  growth  of  animal*  anil 
plants ;  under  artificial  restraint,  that  imposed  by 
man.)  The  next  step  in  the  development  unfolds  the 
prominent  features  of  the  branch  of  the  animal  king- 
dom to  which  tlte  new  being  belong*.  It  marks  the 
sphere  in  which  it  w  to  grow  up.  At  this  stage  the 
plan  of  the  development  characteristic  of  the  branch 
is,  as  it  were,  laid  out,  and  its  direction  and  ten- 
dency are  defined ;  but  the  manner  in  which  this  is  to 
be  accomplished  remains  to  be  seen  in  the  further 
progress.  What  unexpected  resemblance  to  the  moral 
and  intellectual  development  of  Man  ! 

We  might  next  expect  that  the  mode  of  execution 
which  characterizes  classes  should  necessarily  follow, 
but  this  is  not  so.  Just  as  in  other  developments  the 
true  character  of  the  structure  is  frequently  not  ap- 
parent before  it  is  completed :  certain  complications, 
which  arc  embodied  in  it,  become  visible  before  their 
relation  to  the  whole  can  be  perceived  ;  the  form  of  the 
structure  may  also  be  recognizable  before  its  consti- 
tutive elements  can  be  analyzed ;  many  details  in  the 
structure,  the  relative  proportions  of  the  parts  to  one 
another  and  their  relations  to  the  surrounding  circum- 
stances, may  be  fully  or  partially  worked  out  long  be- 
fore the  distinguishing  character  of  the  structure,  as  a 
whole,  is  appreciable. 

This,  also,  is  precisely  the  case  with  the  develop- 
ment of  different  animals.  In  Turtles,  which  as  Rep- 
tiles are  cold-blooded,  air-breathing,  oviparous  ani- 
mals, none  of  the  most  prominent  characters  of  the 
class  are  developed  before  they  arc  hatched,  (as,  for 
instance,  their  aerial  mode  of  breathing ;)  while  some 
of  these  class  characters  are  only  recognisable  in  a 
much  later  period  of  life,  (their  ovqiarity,  for  in- 
stance.) Yet,  as  showing  the  manner  in  which  the 
plan  of  structure  of  their  branch  is  carried  out,  these 
characters  are  truly  class  characters.  On  the  con- 
trary, the  special  complication  of  that  structure  which 
characterizes  the  order  as  an  order,  —  the  se|>arolion 
of  the  body  into  distinct  regions,  a  head,  a  neck,  and  a 
tail,  and  the  presence  of  the  shield  and  the  four  legs, 
which  appear  very  early,  even  before  the  animal  has 


assumed  its  form,— shows  plainly,  that  in  Testudinata 
the  development  of  the  ordinal  characters  precedes 
not  only  that  of  the  characters  of  the  family,  but  also 
that  of  the  cliaractcrs  of  the  chiss.  Strange  as  it  may 
appear,  it  is  unquestionable  that  in  Turtles  (he  ordinal 
characters  are  developed  before  those  which  charac- 
terize the  class.  The  early  separation  of  the  head 
from  the  neck;  the  distinctness  with  which  the  limit* 
between  the  neck  ami  trunk,  and  between  this  and 
the  tail,  may  Iw  recognized,  almost  as  soon  as  the 
main  axis  is  formed  ;  and,  finally,  the  early  develop- 
ment of  the  shield  and  of  the  four  legs  leaves  not  the 
remotest  doubt  upon  this  jioiiit. 

Next,  the  form  is  developed,  so  that  the  most 
prominent  family  character  appears  immediately  after 
the  ordinal  characters,  in  all  the  families  of  Testudi- 
nata,  with  the  exception  of  the  Emydoida.',  and  prob- 
ably also  of  the  Testudinirm,  though  these  have  not 
yet  been  observed.  It  is  particularly  interesting, 
that  this  character  is  fully  marked  in  the  Chelonioidw, 
TrionychiiUe,  Chelydroidie,  and  Cinosterooida»  long 
before  they  are  hatched  ;  whilst  in  the  Emydoida;  it  is 
not  apparent  for  a  long  time,  even  for  years  after  their 
birth,  at  a  time  when  they  exhibit  already  most  of 
their  generic  and  specific  characters.  As  to  the  suc- 
cessive appearance  of  the  generic  and  specific  char- 
acters, even  limiting  the  inquiry  to  the  different  gen- 
era and  species  inhabiting  Xorth  America,  much  more 
extensive  investigations,  than  I  have  been  able  to 
make  thus  far,  are  still  required,  before  if  can  be  sat- 
isfactorily illustrated.  Meanwhile  I  refer  to  my  re- 
marks, p.  290-2K5.  The  great  difficulty  in  these 
investigations  consists  in  a  correct  appreciation  of 
those  peculiarities  which  may  l»e  embryonic  and  not 
tpecijic,  though  preserved  through  life,  and  enumer- 
ated by  heq>etologists  among  the  specific  characters. 
I  can  state,  however,  that  I  do  not  know  a  Turtle 
which  does  not  exhibit  marked  specific  peculiarities 
long  before  its  generic  characters  are  fully  developed. 

It  is  only  necessary  to  compare  the  mode  of  devel- 
opment of  some  of  the  Artieulata  with  that  of  the 
Testudinata,  to  perceive  at  once  how  different  the  sue- 
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the  representatives  of  different  families  resemble  one  another  more  in  proportion 
88  they  are  younger.  But  the  peculiarities  which  distinguish  them  most  promi- 
nently do  not  make  their  appearance  at  the  Hame  time.  Features  which  belong 
to  a  later  stage  of  growth  in  oue  family  become  distinct  in  other  families  at  a 
much  earlier  period  of  life.1  Some  stop  at  one  point,  while  others  undergo  fur- 
ther changes.  Yet,  the  order  in  which  these  changes  take  place  is  so  uniform, 
that  it  may  furnish  the  means  of  determining  the  relative  standing  of  these  ani- 
mals, as  soon  as  it  is  admitted  that  the  characters  which  distinguish  the  earliest 
stages  of  growth  are  inferior  to  those  of  the  mature  development. 

The  great  size  of  the  head  and  neck  is  a  remarkable  feuture  in  all  the  young 
Testudinata,  in  no  one  of  which  aro  these  parts  retractile.  The  proportions  are 
greatly  changed  afterwards,  and  the  head  and  neck  become  retractile  in  the 
Amydas.     I  take  it,  therefore,  that  large-headed  Turtles,  the  head  of  which  cannot 


ccssive  appearance  of  the  characters  peculiar  lo 
groups  of  a  different  importance  may  be  in  different 
branches  of  the  animal  kingdom.  In  Insects,  for  in- 
stance, the  class  characters,  —  the  trachea*  and  articu- 
lated leg*,— appear  always  before  the  ordinal  cluirac- 
ters,  the  wings;  the  family  characters,  —  the  form, — 
are  al»o  fully  defined  before  the  ordinal  characters 
appear,  etc  How  different  from  what  we  have  seen 
in  the  Testudinata! 

1  A  glance  at  PI.  1  to  6  will  show  to  what  ex- 
tent the  young  representatives  of  some  families  dif- 
fer in  form  from  the  adult,  and  how  early  others 
acquire  their  family  characters.  All  the  figures  of 
these  plates  represent  young  Turtles  in  their  natural 
iixe  at  the  time  of  hatching,  or  as  nearly  at  that 
time  as  I  could  obtain  them.  Yet  neither  the  Che- 
lonioida:,  (Thalattoehelyt  Caouana,  PI.  f>,  fig.  13- 
16,)  nor  the  TwoNYcniD.r.,  (Atpidonectet  tpinifer, 
PL  6,  fig.  1  and  2  j  Atpidonectet  Kmoryi,  PI.  6,  fig.  4 
and  5  ;  Platypeltit  feror,  PI.  0,  fig.  8  ;  Amyda  mutica, 
PL  6,  fig.  G  and  7,)  nor  the  Ciiklyuuoii)*,  ( Chetydra 
terpentine  PI.  4,  fig.  13-16,  and  PL  5,  fig.  18  and 
19  j  Gypochelyt  Temminetii,  PI.  5,  fig.  23-27.)  nor 
the  CtxoiiTERNylDJC,  {Ozotheca  odorata,  PI.  4,  fig.  1- 
6  ;  Ozotheca  trittycha,  PL  5,  fig.  20-22  ;  Cinosternum 
penntylranicum,  PI.  4,  fig.  7-12,  and  PI.  5,  fig.  16  and 
17  ;  Citioiternum  fiaretcent,  PL  5,  fig.  12-15;  Cinot- 
temum  tonoriente,  PI.  5,  fig.  8-11,)  exhibit  marked 
differences  in  their  form  from  the  adults ;  or,  what 


amounts  to  the  same,  their  family  characters  arc  fully 
developed,  not  only  at  the  lime  of  hatching,  but  even 
long  before.  The  Emt>oit>.E,  on  the  contrary, — 
(such  as  Ptychemyt  eoneinna,  PI.  1,  fig.  13,  PI.  2.  fig.  4- 
6 ;  Ptychemyt  mobilieniii,  PL  3,  fig.  14-16;  Ptychemyt 
rugota,  PL  26,  fig.  1-3 ;  Trachemyt  elegant,  PI.  3,  fig. 
9-1 1  ;  Trachemyt  tcabra,  PL  2,  fig.  13-1 0 ;  Graptemyt 
geogrophica,  PL  2,  fig.  7-9;  Graptemyt  LeSueurii, 
PL  2,  fig.  10-12,  and  PL  5,  fig.  5-7  ;  Malacoclemmyt 
paluttrit,  PL  1,  fig.  10-12  ;  Cliryumyt  picta,  PL  1,  fig. 
1-5,  and  PI.  3,  fig.  4  ;  Chrytemyt  marginata,  PI.  1,  fig. 
6,  and  PL  5,  fig.  1-4;  Chrytemyt  oregonentit,  PI.  3, 
fig.  1-3 ;  and  Chrytemyt  Bellii,  PI.  6,  fig.  8  and  9 ; 
Deirochelyt  reticulata,  PI.  1,  fig.  14-16,  and  PI.  2,  fig. 
1-3;  Emyt  MeUagrit,  PL  4,  fig.  20-22;  Nanemyt 
guttata,  PL  1 ,  fig.  7-9 ;  Actinemyt  marmorata,  PL  3,  fig. 
5-8 ;  Cittudo  virginea,  PL  4,  fig.  17-19  ;  and  Cittudo 
omata,  PI.  3,  fig.  12  and  13,)  — have  almost  perfectly 
circular  outlines,  and  exhibit  in  no  way  the  slightest 
tendency  to  the  more  or  less  elongated  form  of  the 
adult,  with  the  exception  pertaps  of  Malacoclemmys 
palustris,  and  Deirochelys  reticulata,  which  are 
slightly  oval  ;  so  that,  at  the  time  of  hatching,  no 
Emydoid  has  assumed  the  form  characteristic  of  that 
family.  Xerobatet  Berlandieri,  PL  5,  fig.  17-19,  the 
only  young  representative  of  the  family  of  Testudi- 
nina  which  I  had  an  opportunity  of  examining,  shows 
that  these  Turtles  also  are  obicular  before  they  as- 
sume their  final,  characteristic  form. 
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be  drawn  in  at  all,  or  only  partially,  are  inferior  to  the  others,  or  exhibit  what 
may  be  called  embryonic  characters.1  This  is  the  case  in  the  Chelonii,  which  have 
always  been  considered  as  the  lowest  Testudinata,  and,  among  Amyda?,  to  some 
extent  in  the  Chelydroidoe,  which  stand  very  low  in  their  sub-order.  In  all 
younger  embryos  the  limbs  are  paddles ;  they  remain  paddles  in  the  Chelonii, 
whilst  they  are  terminated  by  feet,  with  more  or  less  distinct  fingers,  in  the 
Amydae.  We  thus  have  here  an  additional  evidence  that  the  Chelonii  are  infe- 
rior to  the  Amydse.  There  is,  however,  a  remarkable  feature  in  the  development 
of  the  limbs  in  Chelonii :  the  paddles  of  the  young  sea  Turtle,  though  identical 
with  those  of  the  Amydaj,  differ  from  what  they  are  in  the  adult  age,  and  yet 
they  remain  paddles.  They  exhibit,  as  it  were,  overgrown  embryonic  features, 
such  as  characterize  the  types  which  I  have  called  hy}>embrgonic} 

The  Bhield  presents  similar  transformations.  At  first  oblong,  and  narrower 
behind  than  in  front,  it  grows  gradually  broader,  assuming  even  a  circular  form. 
But  the  characters  of  the  adult  are  already  impressed  upon  the  shield  of  the 
Chelonii  before  it  grows  very  wide  ;  so  it  is  also  with  the  Cinosternoidao  and 
Chelydroidoe,  while  in  Trionychida)  the  flat,  roundish  form  in  its  fullest  expansion 
is  that  which  the  adult  preserves.  The  Emydoidro  have  also  reached  that  circu- 
lar form  at  the  time  of  hatching,  but  they  afterwards  grow  again  more  elongated. 
The  question  thus  arises,  Is  there  a  retrograde  development  in  the  Emydoidaj,  or 
not  ?  For  my  part,  I  am  satisfied  that  it  is  not  the  case.  Considering  the  differ- 
ence of  the  elongated  form  of  the  Emydoidae,  in  which  the  hind  end  is  generally 
the  broadest,  whilst  in  the  elongated  shield  of  the  embryo  this  is  the  reverse, 
and  considering  further  the  closer  relation  of  the  Emydoidoa  and  Testudinina,  in 
which  latter  the  two  ends  of  the  body  balance  one  another  so  evenly,  I  believe 
that  the  elongation  of  the  Emydoida?,  subsequent  to  their  circular  outline,  marks 
a  real  progress.  I  consider,  therefore,  the  later  widening  of  the  Chelonii,  as  observed 
in  the  adult,  as  a  progressive  development,  which  is  attained  only  late  in  life  in 
that  family ;  so  that  it  might  be  said,  that,  in  this  respect,  the  Chelonii  do  not  even 
reach  in  old  age  the  form  to  which  the  Trionychidm  and  Emydoidns  attain  at  the 
time  of  hatching,  and  at  which  the  Trionychidas  stop,  whilst  the  Emydoidae  take 
another  start  in  a  higher  direction,  to  approximate  the  form  prevailing  in  the  adult 
Testudinina.  A  knowledge  of  the  early  embryonic  changes  of  the  Testudinina  is 
still  wanting  to  carry  out  fully  these  comparisons. 

I  am  inclined  to  consider,  further,  the  presence  of  keels  along  the  back  as 
characters  of  inferiority,  considering  the  prominence  of  these  keels  in  the  lowest 
Chelonii,  the  Sphargididae,  and   their  presence  in  young  Chelonioidce,  which  lose 

'  Comp.  Part  I,  Ch.  1,  Sort.  25,  p.  112  to  116.  •  See  Pnrt  I.,  Ch.  1,  Sect  25,  p.  116. 
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them  more  or  less  completely  in  old  age.  Carinnted  species  also  are  more  numer- 
ous among  the  lower  Amythe  than  among  Testudinina ;  all  the  Chelydroidae  and 
Cinosternoida)  are  more  or  less  carinated,  especially  in  their  younger  age,  and  they 
are  inferior  to  the  Einydoida* ;  many  of  the  most  aquatic  Emydoidao  arc  also  cari- 
nated, some  through  life,  others  only  in  the  younger  age;  and  wo  have  already 
seen  that  the  aquatic  species  arc  inferior  to  the  terrestrial  ones,  and  that  the 
young  Emydoida)  are  more  aquatic  than  the  adults.1 

From  the  few  facte  which  I  have  already  collected,*  I  am  convinced  that  much 
valuable  information  could  be  obtained  from  a  similar  comparison  of  the  changes 
which  our  common  Mammalia  and  Birds  undergo  in  early  life,  and  that  the  time 
is  not  far  distant  when,  in  this  way,  the  relative  standing  of  the  representatives  of 
every  family  will  be  determined  with  remarkable  precision.  The  results  to  which  I 
have  arrived  by  the  study  of  the  young  Turtles  will,  I  hope,  stimulate  other  natr 
uralists  to  turn  their  attention  also  to  this  interesting  subject.  Happily  the  time 
is  coming  when  fewer  new  species  are  to  be  found,  and,  from  want  of  materials 
for  their  ordinary  work  of  registering  animals,  with  scanty  or  insufficient  charac- 
teristics, zoologists  may  be  led  to  more  important  investigations. 


SECTION  V. 

GENEHA  OF  TRIOSYCHIDjE. 

It  appears  from  the  statement  of  Dume"ril  and  Bibron*  that  Schweigger  was 
the  first  to  perceive  the  necessity  of  separating  the  soft-shelled  Turtles  as  a  dis- 
tinct genus,  which  he  called  Amvda,  in  a  paper  presented  by  him  to  the  Acad- 
emy of  Sciences  in  Paris,  in  1809.  Geoflroy,  however,  changed  that  name  to 
Tkiosyx  *  which  Schweigger  himself  adopted  when  he  published  his  paper*  as  also 
did  all  herpetologists  afterwards.  This  genus  was  not  further  subdivided  until 
Wagler  showed,  in  1830,  that  it  embraced  species  which  exhibit  marked  structu- 
ral differences,  in  the  connection  of  the  plastron  and  hind  legs,  and  in  the  ossi- 
fication of  the  marginal  rim.  For  those  species  which  have  bony  plates  along  the 
margin,  and  a  wide  hind  lobe  of  the  plastron,  he  retained  the  name  of  Trionyx, 

« 

1  Compare  (he  note  to  p.  293.  *  Erput.  gener.  vol.  2,  p.  4G4. 

1  See  AoASstz,  (L.,)  Luke  Superior.    BoMon,  *  Ann.  du  Mus.  dc  Paris  vol.  14,  180'J. 

1850,  p.  191 ;  also  Twelve  Lectures  on  Comjmralive  »  Prodromua  Monographic  Cheloniorum  ;  Ko- 

Kinbrvology,  p.  8  and  101.  nigsberg.  Archiv,  1812. 
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and  united  all  the  others  under  the  name  of  Aspidonectes,  supposing  that  the 
soft  marginal  dilation  of  the  shield  assists  in  swimming,  which  is  only  true  in  as 
far  as  it  forms  a  sharp  cut-water,  for  it  is  not  moved  up  and  down,  as  arc  the 
wings  of  the  Skates. 

The  two  genera  proposed  by  Wagler  have  since  been  adopted  by  all  modern  her- 
petologists,  who  have  vied  with  one  another  in  changing  their  names,  although  not 
to  the  real  advantage  of  science.  Thus  DumcYil  and  Bibron,  discarding  entirely  the 
old  generic  names,  call  Gymnopus  the  genus  which  Wagler  had  named  Aspidonectes, 
and  Cryptopus,  that  for  which  he  had  retained  the  name  Trionyx.1  J.  R  Gray, 
on  the  contrary,  restored  the  name  Trionyx  to  the  genus  which  Wagler  had 
called  Aspidonectes,4  and  gave  a  new  name,  Emyda,  to  Wagler's  Trionyx.  In 
1836,  Fitzinger*  introduced  further  generic  distinctions  in  this  family,  calling  Tri- 
onyx the  same  genua  for  which  Wagler  had  retained  that  name ;  Aspidonectes, 
the  Trionyx  javanicus  and  ajgyptiacus  of  Geoffr.  and  the  Trionyx  indicus  of  Gray, 
and  proposing  three  new  genera,  one  under  the  name  of  Platypeltis  for  the  Tr. 
ferox,  Schtc,  and  spinifer  and  ocellatus,  LeS.;  another  under  the  name  of  Pelodis- 
cus  for  the  Tr.  sinensis,  Wieg.,  and  the  Tr.  labiatus,  Belt;  and  a  third  one,  for 
which  Fitzinger  revives  the  old  name  Amyda  for  the  Tr.  subplanus,  Geoffr.,  and 
the  Tr.  muticus,  LeS.*  But  all  these  new  genera  are  founded  upon  delusive  char- 
acters, as  Gray  has  already  stated,  which  depend  only  upon  the  progress  of  the 
ossification  of  the  shield,  and  may  be  observed  in  specimens  of  different  ages  of 
one  and  the  same  species,  jus  my  numerous  skeletons  of  these  Turtles  clearly 
show.     Moreover  the  difference  in  the  length  of  the  tail  is  only  sexual ;  the  tail 


1  Erpct.  gener.  vol.  2,  p.  472  and  47.5,  on  the 
ground  thnt  Aspidonectes  and  Trionyx  have  both 
three  nniU  lo  their  feet.  With  such  principles  half 
the  names  introduced  in  Zoology  or  Botany  might 
be  changed.  The  new  names  proposed  by  Dumcril 
and  Bibron  for  Trionyx  and  Aspidonectes  may  them- 
selves serve  as  an  example.  Now  that  it  has  become 
neccssarr  to  subdivide  into  distinct  genera  the  spe- 
cies which  Dumeril  and  Bibron  refer  to  Gymnopus, 
that  name  would  be  inappropriate,  according  to  their 
own  vie  wis  since  all  these  new  genera  have  equally 
naked  feet ;  and  the  genus  Cyclodcnna  of  Peters 
would  render  a  change  for  Cryptopus  necessary,  m  it 
lun  retractile  feet,  like  Cryptopus. 

■  It  may  be  said  tbiU  Wugler  ought  lo  have  re- 
tained the  name  Trionyx  for  the  species  longest 
known;  but  he  undoubtedly  had  the  right  to.  name 


as  he  pleased  the  genera  he  first  recognized ;  and  as 
he  chose  to  apply  that  of  Trionyx  to  the  species  which 
have  the  marginal  bony  plates  and  a  broad  hind  lobe 
of  the  plastron,  later  writers  have  only  introduced 
confusion  in  the  nomenclature  of  this  family  by  re- 
versing bis  arrangement,  which,  according  to  the  law 
of  priority,  must  in  the  end  be  adopted,  in  spite  of 
every  objection.  The  name  Emyda,  which  is  also 
synonymous  with  Cryptopus,  Dum.  and  Bibr.,  appears 
for  the  first  time  in  Gray's  Syn.  Rept.,  appended  to 
Griffith's  TransL  of  Cuvier's  Regit.  Anim.,  1831. 

•  Systematischer  Entwurf  einer  Anordnung  der 
Schildkrotcn,  in  Annalcn  des  Wiener  Museums, 
1836,  4to. 

4  To  these  genera  Fitzinger  adds  Potamochelys 
for  Tr.  javanicus,  in  his  Systema  Rcptilium,  published 
in  1843.. 
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being  very  short  in  the  females,  and  extending  beyond  the  rim  of  the  shield  in 
the  males  of  all  the  species  I  know.  In  the  Catalogue  of  the  British  Museum, 
J.  E  Gray  restricts,  in  1844,  the  name  of  Trionyx  to  the  North  American  spe- 
cies ;  separates  Trionyx  indicus,  Gray,  as  a  distinct  genus  under  the  name  of  Chitra ; 
changes  Fitzinger's  Amyda  to  Dogania,  excluding  however  from  it  Tr.  rauticus, 
which  the  Austrian  herpetologist  associated  in  that  genus  with  Tr.  subplanus ;  and 
calls  Tyrse  a  genus  embracing  Tr.  gangeticus,  Cur.,  javanicus,  Geoffr^  a'gyptiacus, 
Geoff r.,  and  a  few  other  less  known  species;  and,  finally,  retains  the  name  Emyda 
for  Wagler's  Trionyx.  To  these,  Dr.  W.  Peters 1  has  added  a  new  genus  from 
Mozambique,  in  which  the  absence  of  bony  plates  in  the  marginal  rim  is  com- 
bined  with  a  broad  hind  lobe  of  the  plastron,  and  which  he  calls  Cycloderma. 
Thus  we  have  not  less  than  thirteen  generic  names  for  about  the  same  number 
of  species,  some  of  which  are  still  very  imperfectly  known. 

Under  these  circumstances  a  critical  revision  of  the  genera  of  Trionychida) 
appears  as  a  great  desideratum  in  herpetology.  But  the  materials  for  such  a  task 
seem  to  exist  nowhere,  if  I  judge  from  the  published  catalogues  of  the  great  muse- 
ums in  Europe ;  and  I  possess  myself  large  numbers  of  specimens  only  of  the  North 
American  species.  Yet,  from  their  careful  examination  I  have  gathered  data  which 
may  be  of  service  to  a  future  monographer  of  this  type.  Thus  I  have  already 
satisfied  myself  that  the  number  of  our  species  is  much  greater  than  is  generally 
supposed;1  and  a  careful  study  of  their  skeleton  has  taught  me  what  constitutes 
generic  characters  in  this  family,  so  that  I  feel  prepared  to  express  an  opinion 
respecting  the  value  of  the  genera  proposed  by  other  writers*  I  hold  that  the 
genus  Trionyx,  as  limited  by  Wagler,  is  natural ;  it  embraces  the  species  described 
by  Gray  under  the  name  of  Emyda,  and  by  Dume'ril  and  Bibron  under  that  of 
Cryptopus.  Next  to  it  stands  Cycloderma,  Peters,  also  a  natural  genus.  The 
Indian  genus  Chitra,  Gray,  is  no  doubt  well  founded,  and  so  also,  probably,  is 
Drxuxu,  Gray,  for  which  the  name  Amyda,  Fitz.,  might  have  been  adopted  by 
Gray,  as  this  is  older.  But  here  ends  the  list  of  genera  thus  far  proposed  which 
are  at  all  circumscribed  within  natural  limits,  as  I  can  show  that  Aspidonectes, 
Way/.,  Gymnopus,  Dum.  and  Bibr.,  Platypeltis,  Fitz*,  Pelodiscus,  Fitz.,  Potamochelys, 
Fitz.,  Trionyx,  Gray,  and  Tyrse,  Gray,  either  contain  species  which  do  not  belong 

1  Moniul.  Berichl  der  Akud.  d.  Wis*,  in  Berlin,  Union,  which  he  considered  as  distinct  from  the 
1S.'i5,  p.  21H.  southern  species,  was  correct. 


J  Dr.  Ilolbrook  reduces  the  North  American  Tri-  *  In  this  connection  I  would  remark,  that  it  is 

onyx  to  two  specie*,  and  so  do  Dumoril  and  Bibron,  hardly  po«sibl<;  to  distinguish  the  Trionychida-  by 

and  J.  K.  Gray.    It  will  be  seen  hereafter,  that  (lie  their  external  characters,  and  that  nothing  short  of  a 

supposition  of  LeSucur  respecting  the  specie*  occur-  careful  examination  of  the  jaws,  and  especially  of  the 

ring  in  the  North-western  Suites  of  the  American  skull,  will  reveal  their  | 
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to  the  same  genus,  or  ought  also  to  embrace  other  species,  which  are  referred 
to  different  genera.  Of  Aspidonectes,  Wngl,  Gymnopus,  Dum.  and  Bibr.,  and  Tri- 
onyx,  Gray,  this  will  be  self-evident,  as  soon  as  it  is  shown  that  the  North  Amer- 
ican species,  which  have  all  been  referred  to  these  genera,  belong  in  reality  to  three 
different  genera.  Pelodiscus  and  Potamochelys,  FUz.,  and  Tyrsc,  Gray,  run  together 
in  the  same  manner,  on  account  of  the  heterogeneous  species  they  contain.  There- 
fore, one  question  only  remains,  Which  of  these  names  are  to  be  retained  for  the 
North  American  species?  Of  all  the  generic  names  not  yet  strictly  applied,  Aspi- 
doxectbs,  Wagl,  is  the  oldest;  and  as  it  was  established  for  species,  some  of  which, 
as  Tr.  javanicus  and  rogyptiacus,  agree  with  some  of  the  American  ones,  as  Tr. 
spinifer,  LrS.,  I  shall  retain  that  name  for  the  genus  to  which  our  Tr.  spinifer 
belongs.  Next  stands  the  genus  Platvpkltis,  FUz.,  which,  though  made  to  include 
also  Tr.  spinifer,  LeS.,  is  yet  meant  for  Tr.  ferox,  Schic,  and  may  therefore  be 
retained  for  the  genus  of  which  Tr.  ferox  Schic.  must  be  considered  as  the  type, 
and  which  must  also  embrace  Tr.  gangeticus,  Cur.  The  adoption  of  these  two 
genera  renders  Gray's  name  Tyrse  and  Fiteinger's  Potamochelys  and  Pelodiscus 
entirely  superfluous,  as  Tyrse  includes  Tr.  javanicus,  a'gyptiacus,  and  gangeticus, 
and  Potamochelys  FUz.  is  founded  upon  Tr.  javanicus,  while  Pelodiscus  rests  upon 
Tr.  sinensis,  Wiejm..  and  labiatus,  Bell.  We  have  thus  appropriated,  for  six  natural 
genera,  six  of  the  names  introduced  among  the  Trionychida?,  and  shown  that  six 
out  of  the  remaining  seven  have  no  scientific  value.  But  there  is  a  third  Amer- 
ican genus,  founded  upon  Tr.  mutieus,  LeS.  I  am  glad  to  have  an  opportunity 
of  honoring  the  memory  of  Schweigger  by  fixing  upon  this  genus  the  name  of 
Amyda,  first  proposed  by  Schweigger  for  the  whole  type  of  Trionychida;,  though 
wantonly  rejected  by  Geoffrey,  and  so  vaguely  applied  by  Fitzinger  to  one  of  his 
genera. 

It  has  already  been  stated  that  the  eggs  of  the  Trionychida}  (PI.  7,  fig.  20-23) 
are  spherical  and  very  brittle.1  The  young  at  the  time  of  hatching  (PI.  6,  fig. 
1-7)  exhibit  fully  their  family  character  ;  they  are  flat,  discoid,  and  orbicular  in 
outline ;  their  head  only  is  comparatively  shorter  and  rounder  than  in  the  adult, 
and  the  neck  thicker,  but  the  proboscis  is  very  prominent;  the  feet  have  already 
their  characteristic  web,  and  the  membranous  fold  which  exteuds  along  the  upper 
edge  of  the  four  legs  (PI.  0,  fig.  2  and  5).  The  ossification  of  the  shield  is  so 
little  advanced  that  there  is  no  sign  of  a  carapace  or  plastron  visible  externally 
through  the  soft,  scalclcss  skin. 

The  Trionychida;  were  for  some  time  supposed  to  have  existed  upon  our 
globe  as  early  as  during  the  Devonian  period.     I  have  shown,  however,  that  the 


1  See  Part  IL,  Chap.  2,  Sect.  I,  p.  334. 
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fossil  remains  of  Caithness  referred  to  this  fondly  are  those  of  an  extinct  family 
of  Fishes.1  The  oldest  deposits  in  which  true  Trionyehida?  have  been  observed 
are  the  green  sands  of  New  Jersey,  according  to  Dr.  Leidy*  Professor  Owen 
describes  and  illustrates  very  fully  a  number  of  tertiary  species,  which  are  the 
oldest  he  has  seen.' 


L  Amyda,  Scfuc.  (Ag.) 

The  head  is  long,  low,  narrow  and  pointed  in  front,  and  the  angle  of  the 
front  part  with  the  brain-box  comparatively  small.  The  nasal  region  is  coin- 
pressed  sidewise,  and  drawn  out  long  and  narrow.  The  nostrils  are  cut  in  a 
peculiar  way,  and  are  not  subdivided  on  each  side  by  an  internal  ridge,  as  is 
the  case  in  Aspidonectes  and  Platypeltis  (PL  G,  fig.  2a,  3a,  4a,  and  7)  ;  they 
lie  rather  under  than  at  the  tip  of  the  proboscis,  are  widely  apart,  broader 
below,  and  converge  and  taper  upwards.  The  outer  surface  of  the  maxilla- 
ries curve  inward  under  the  eyes  and  nose,  so  that  the  mouth  is  small  and  the 
nasal  region  rounded.  On  account  of  the  compression  spoken  of  above,  the 
sides  of  the  mouth  are  concave  outward  from  the  hind  to  the  front  end,  and 
that  part  of  it  which  is  under  the  nose  is  narrow  and  long.  The  alveolar  edge 
of  the  upper  jaw  is  turned  down  farthest  at  the  front  end,  and  less  and  less 
backward,  fading  out  before  reaching  the  hind  end  of  the  maxillaries ;  it  is  sharp 
in  front,  and  toothed  near  the  hind  end ;  but  the  teeth,  though  quite  prominent 
in  the  bill,  are  hardly  perceptible  in  the  jaw  itself.  The  horizontal  alveolar  sur- 
face is  narrow;  it  is  widest  near  the  hind  end,  curves  down  under  the  eye,  and  up 
again  under  the  nose.  There  is  in  this  genus  a  large  opening  in  the  skull  between 
the  maxillaries  and  the  vomer.  The  lower  jaw  is  also  compressed  sidewise  and 
drawn  out  long  and  narrow  under  the  nose,  and  its  sides  are  concave  outward. 
Its  lower  edges  meet  from  the  two  sides  where  the  compression  begins,  and  the 
narrowed  part  lies  at  the  sides  of  the  symphysis,  and  the  latter  is  carried  far 
forward  in  rising  from  the  lower  to  the  upper  edge  of  the  jaw.  The  long,  nar- 
row alveolar  surface  thus  formed  at  the  symphysis  descends  inward  from  the  outer 
edge,  slightly  at  the  front  end,  more  and  more  backward,  and  from  the  symphy- 
sis to  the  angle  of  the  jaw  that  surface  is  very  narrow  and  almost  vertical. 
The  alveolar  edges  are  sharp  all  round.     Thus  we  have  in  this  genus  a  small 

1  See  Part  IX,  Chop.  1,  Sect.  17,  p.  303.  *  R.  Owen  and  T.  Bell.  Fossil  Keptilia  of  the 

•  Proc  Ac.  Xat.  Sc.  Phil.  vol.  5,  1851,  p.  320,  London  Clay,  in  Trans,  of  tbe  Pnkvonl  Society, 
and  vol.  8.  1856,  p.  73.  London,  1819,  p.  46. 
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mouth  with  a  sharp  bill,  and  with  two  long  surfaces  under  the  nose,  which  are 
brought  close  together  when  the  mouth  is  shut  The  food  found  in  the  stomach 
of  a  specimen  of  Amyda  mutica,  examined  in  a  fresh  state,  consisted  of  larvae  of 
Nevropterous  insects. 

The  type  of  the  genus  Amyda  is  LeSueur's  Trionyx  muticus.  It  is  thus  far 
the  only  species  known  to  belong  to  this  genus,  unless  Trionyx  euphraticus,  Geoffr*, 
be  gcnerically  identical  with  it,  which  I  have  no  means  of  ascertaining. 

Amyda  mutica,  Fitz.  The  description  of  this  species  by  LcSucur  is  the  fullest 
and  most  accurate.1  He  has  distinctly  pointed  out  its  most  prominent  specific 
peculiarities :  the  depression  along  the  middle  line  of  the  back,  instead  of  an  obtuse 
keel,  the  total  absence  of  spines  along  the  anterior  margin  of  the  carapace  and 
of  tubercles  upon  the  back,  and  the  peculiar  coloration  of  the  lower  surface,  which 
is  whitish,  without  spots  or  mottled  marks,  as  occur  under  the  neck  and  upon  the 
lower  surface  of  the  feet  of  Tr.  spinifer,  with  which  it  has  often  been  confounded. 
LeSueur  also  mentions  the  long,  narrow,  and  pointed  jaws,  which  constitute  one 
of  its  generic  peculiarities.  The  form  of  the  nostrils,  first  noticed  by  Dr.  Hol- 
brook,  is  also  generic. 

I  have  seen  more  than  twenty  specimens  of  both  sexes,  in  every  stage  of 
growth.  The  males  have  always  a  longer  tail  than  the  females,  extending 
beyond  the  margin  of  the  disc,  while  it  is  concealed  under  it,  in  the  other  sex. 
The  young,  (PL  6,  fig.  6  and  7,)  at  the  time  of  hatching,  and  for  some  time 
afterwards,  are  entirely  white  below,  even  under  the  neck  and  upon  the  lower 
surface  of  the  feet  ;  the  latter,  however,  becomes  bluish  gray  with  age,  but  it 
is  never  spotted  or  mottled.  Upon  the  sides  of  the  head,  from  the  eyes  back- 
wards, runs  a  narrow  white  baud  bordered  by  black  lines,  which  is  merged  behind 
in  the  white  surface  of  the  lower  side  of  the  neck,  but  extends  forwards  across 
the  eye  to  the  tip  of  the  proboscis.  This  band  disappears  more  or  less  in  old 
specimens.  In  very  young  specimens,  the  back  has  slight  black  spots  upon  an 
olive  colored  ground,  and  exhibits,  along  the  hind  margin  and  the  sides  of  the 
carapace,  a  broad  yellowish  bund  circumscribed  by  a  black  line.  With  advancing 
age  the  marginal  band  disappears,  aud  the  dark  marks  upon  the  back  spread 
until  they  vanish  entirely,  and  the  ground  becomes  itself  darker  and  more  gray- 


»  In  Mem.  Mil--  Hist.  NaU  Paris  1827,  vol.  lo, 
p.  '2C.-J,  PI.  7.  J  l  has  since  been  described  by  Major 
LeCoatC,  (Lye.  Nat  Hist.  New  York,  vol  3,  p.  95,) 
and  by  Dr.  Holbrook,  (X.  Amer.  IIeq>.  vol.  2,  p.  19, 
PI.  2.)  J.  E.  Gray  considers  it  and  Tr.  ferox  as 
being  the  only  ge  nuine  representatives  of  the  genus 
Trionyx,  n*  he  would  limit  it.    DeKiiy  (ZooL  of  New 


York,  vol.  3,  p.  7,  PI.  6,  fig.  11)  represent*  it  as  the 
young  of  Tr.  ferox,  though  he  con^dered  it  at  first 
a*  a  distinct  species,  for  which  he  had  proposed  the 
name  of  Tr.  ocdlatus.  Flis  figure  leaves  no  doubt 
that  he  had  a  specimen  of  Tr.  muticus  before  him. 
Waglcr  refers  it  to  his  genus  Aspidonectes,  and  Du- 
roeril  and  Bibron  to  their  genus  Gymnopus. 
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ish  brown.  Tlie  largest  specimen  I  have  seen  measured  twelve  inches  from  the 
front  to  the  hind  margin  of  the  carapace,  and  ten  inches  across. 

This  species,  which  is  the  smallest  of  the  North  American  Trionycliidse,  extends 
from  the  States  of  New  York  and  Pennsylvania  westwardly  to  the  tributaries  of 
the  Missouri,  and  the  upper  and  middle  Mississippi.  I  have  never  seen  specimens 
from  the  lower  course  of  the  Mississippi,  nor  from  the  Southern  and  South-east- 
ern States.  It  is  common  in  Lakes  Erie  and  Ontario,  (Maj.  LcConte;)  in  Ohio,  (Dr. 
Kirkland,)  and  in  Indiana,  (LcSueur.)  Through  the  kindness  of  Prof.  Rich.  Owen  I 
have  obtained  specimens  from  the  very  locality  from  which  LeSueur  described  his. 
Dr.  J.  Rauch  has  sent  me  specimens  from  Iowa,  Mr.  G.  Stolley  from  the  Osage 
River  in  Missouri,  and  Prof.  Sp.  Baird  from  the  Alleghany  River  in  Pennsylvania. 
The  eggs  are  smaller  than  those  of  the  other  species  of  this  family  which  I  know. 
They  are  represented  (PL  7,  fig.  21)  from  specimens  sent  me  by  Dr.  J.  Rauch 
of  Burlington,  Iowa,  and  by  Mr.  Franklin  Hill  of  Delphi,  Indiana. 


The  head  is  short,  broad,  and  high ;  ita  front  part  is  turned  down  steeply, 
and  makes  a  sharp  angle  with  the  brain-box.  The  sides  of  this  part  approach 
each  other  gradually  to  the  base  of  the  proboscis,  which  is  straight  The  nos- 
trils are  terminal,  and  nearer  together  than  in  Amyda,  crescent  shaped  in  form 
and  vertical  in  position ;  they  are  subdivided  by  a  horizontal  ridge,  projecting  on 
each  side  of  the  median  partition,  which  is  wider  than  in  Aspidonectes.  The  outer 
surface  of  the  maxillaries  slants  far  outward  from  the  suture  with  the  prefrontals 
down  to  the  alveolar  edge,  thus  making  the  mouth  very  broad.  The  alveolar 
edge  is  blunt,  except  at  the  front  end;  it  is  turned  down  but  little  at  the  sides, 
and  flares  out  so  much  there  that  in  the  adult  there  is  but  little  distinction 
between  the  vertical  and  horizontal  alveolar  surfaces,  and  both  together  form  one 
very  broad  surface  adapted  to  crushing ;  but,  at  the  front  end,  this  surface  is  nar- 
row and  nearly  vertical.  There  is  here,  as  in  Amyda  and  Aspidonectes,  a  large 
opening  in  the  skull  between  the  interniaxillaries  and  the  end  of  the  vomer. 
The  lower  jaw,  like  the  upper,  has  a  very  broad  alveolar  surface,  which  also 
continues  broad  back  to  the  hind  end  of  the  maxillaries,  projecting  near  that  end 
far  over  both  the  outer  and  inner  surfaces  of  the  jaw  below,  and  reaching  inward 
farther  even  than  its  lower  edge.  This  surface  is  nearly  flat  at  the  symphysis, 
but  it  has  a  deep  depression  near  the  hind  end.     In  this  genus,  then,  the  mouth 


is  large,  but  short ;  the  jaws  are  strong,  and  the  alveolar  surfaces  broad  and  blunt, 
and  well  fitted  to  crush.     The  shells  of  a  Paludina  and  fragments  of  Anodontas 
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were  found  in  large  quantities  in  the  stomach  of  a  specimen  of  Trionyx  ferox,  the 
type  of  the  genus,  examined  shortly  after  it  had  been  caught  Similar  fragments 
were  found  in  the  faeces  of  other  specimens  preserved  alive. 

The  type  of  the  genus  Platypeltis  is  the  Tr.  ferox,  Sc/uc.  It  is  the  oldest 
species  of  this  family  known  from  North  America.  It  wan  first  described  by  Dr. 
Garden  of  Charleston,  in  a  paper  printed  in  the  Philosophical  Transactions  of 
the  Royal  Society  of  London,  in  1771,  from  which  all  later  writers  have  bor- 
rowed their  information,  until  Major  LeConte,  Dunnlril  and  Bibron,  and  Dr.  IIol- 
brook'  gave  a  fuller  account  of  this  species.  I  have  little  to  add  to  their  descrip- 
tions ;  but  these  authors  are  certainly  all  mistaken  in  considering  this  species 
as  identical  with  LeSueur's  Tr.  spinifer.  Not  only  are  Tr.  ferox,  Scfue.,  and  Tr. 
spinifer,  LeS.,  distinct  species,  but  they  belong  unquestionably  to  different  genera, 
as  a  comparison  of  the  skulls  will  show  at  first  sight  1  have  compared  large 
series  of  specimens  of  both  kinds,  from  the  very  young  to  adults,  and  can  speak 
with  confidence  upon  this  point  Though  Fitzinger  unites  also  Tr.  spinifer  and 
ferox  as  synonymes,  I  have  thought  it  preferable  to  adopt  the  name  he  proposes 
for  this  genus,  and  assign  to  it  a  definite  meaning,  than  to  frame  a  new  one, 
which  in  the  end  would  appear  co-extensive  with  Platypeltis. 

Platypeltis  renox,  FUz?  This  species  is  only  found  in  the  Southern  States, 
from  Georgia  to  Western  Louisiana.  Dr.  W.  B.  Daniel  has  sent  me  many  speci- 
mens from  Savannah,  its  northernmost  station  in  the  Atlantic  States.  It  abounds 
in  the  St  John  River  of  Florida  (Bartram,  LeConte).  I  am  indebted  for  many 
specimens  from  Western  Georgia  and  Western  Florida  to  Dr.  Gessner,  of  Colum- 
bus, and  Mr.  Eppes,  of  Tallahassee.  Dr.  Nott  has  sent  me  others  from  Alabama, 
especially  a  series  of  very  young  ones.  To  Professor  Chilton,  of  New  Orleans, 
I  am  indebted  for  specimens  from  the  Lower  Mississippi;  and  to  Mr.  Winthrop 
Sargent  of  Natchez,  for  the  largest  specimens  I  have  ever  seen  or  heard  of,  one 
of  which  measured  eighteen  inches  and  a  half  from  the  front  to  the  hind  mar- 
gin of  the  carapace,  and  sixteen  across. 


1  Compare  the  works  q.  a.,  p.  30,  for  further  ref- 
erences, but  exclude  from  their  synonymy  every  tiling 
that  relate*  to  Tr.  spinifer,  LfS. 

"  The  names  most  frequently  applied  to  this  spe- 
cies, by  different  authors,  are  Testudo  ferox,  Trionyx 
ferox,  Tr.  carinatus,  Tr.  georgicus,  Tr.  lirongniarti, 
Tr.  Bartraini,  Tr.  liarlani,  Aspidonectes  ferox,  Asp. 
corinatus,  and  Gymnopus  spiniferus.  The  external  re- 
semblance between  Platypeltis  ferox  and  Aspidonectes 
spinifer  and  asper,  is  so  great,  that  I  am  not  sur- 
al 


prised  that  they  have  been  confounded,  or  even  delib- 
erately considered  as  identical.  We  have,  in  fact,  a 
case  here,  of  which  a  few  other  examples  only  are  thus 
far  known,  in  which,  under  the  most  surprising  simi- 
larity of  external  appearance,  marked  structural  pecul- 
iarities, amounting  to  generic  differences,  are  hidden. 
I  luive  already  pointed  out  such  cases  in  the  genera 
Phoxiuus  and  Chrosomus,  and  in  the  genera  Carpi- 
odes,  Bubal ichthys,  and  Ichtbyobus,  among  Cypri- 
noids  (Amer.  Journ.  of  Sci.  and  Arts,  2d  der.  vol.  19, 
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It  is  true  that  this  species  very  much  resembles  Tr.  spinifer,  LeS-,  in  its 
external  appearance ;  but,  even  without  referring  to  their  generic  characters,  they 
may  readily  be  distinguished  in  every  stage  of  growth.  The  male  of  Platypeltis 
ferox,  with  its  projecting  tail,  is  much  more  oblong1  than  that  of  Aspidonectes 
spinifer,  while  the  females  are  very  similar  in  their  rotundity.  The  tubercles 
upon  the  shield  arc  also  larger  and  more  numerous  in  the  male  ferox  than  in 
the  female;  just  the  reverse  from  what  we  see  in  spinifer.  The  young  ferox 
(PI.  G,  fig.  3)  has  two  or  three  concentric  black  lines  separating  the  pale  margin 
from  the  light  brown  colored  back,  which  are  sometimes  preserved  even  to  their 
full-grown  Bize  ;  in  Asp.  spinifer  I  have  never  observed  more  than  one  such 
line,  which  disappears  rather  early.  The  back  of  PI.  ferox  is  studded  with  well- 
defined  black  dots,  which  become  ocellated  only  in  later  y'ears,  and  are  finally 
changed  into  dark  blotches  in  the  adult  The  lower  surface  is  entirely  white, 
even  the  lower  surface  of  the  feet,  which  ure  mottled,  streaked,  and  dotted  with 
black  in  Aspidonectes  spinifer,  Asp.  nuchalis,  and  Asp.  asper.  Aspidonectes  spinifer 
never  grows  so  large  as  ferox,  and  is  only  found  in  the  Northern  States,  within 
the  same  limits  as  Amyda  mutica,  with  which  it  is  mostly  found  associated.  The 
eggs  of  Platypeltis  ferox  (PI.  7,  fig.  22)  ure  of  u  somewhat  smaller  size  than  those 
of  Aspidonectes  spinifer:  they  are,  however,  a  little  larger  than  those  of  Amyda 
mutica,  represented  upon  the  same  plate. 

The  peculiar  coloration  of  the  lower  surface  of  the  feet,  and  the  mottled 
appearance  of  the  lower  part  of  the  neck,  of  Asp.  spinifer,  first  attracted  my 
attention  as  differing  from  Platypeltis  ferox,  and  led  me  to  a  careful  revision  of 
our  TrionychidiB.  Trusting  to  the  accuracy  of  previous  writers,  I  have  mvself 
believed,  for  a  number  of  years,  that  there  existed  only  two  species  of  that 
family  in  the  United  States,  and  that  these  two  species  belonged  to  one  and  the 
same  genus,  until  large  collections  of  specimens  from  every  part  of  the  country, 
and  a  thorough  examination  of  their  structure,  satisfied  me  that  we  possess  not 
less  than  six  species,  belonging  to  three  different  genera :  one  Amvda,  one  Pla- 
typeltis, and  four  Aspidonectes,  the  geographical  distribution  of  which  is  particu- 
larly interesting.  In  the  Xorth-Western  States,  two  species  occur  together,  belong- 
ing to  two  different  genera,  Amyda  mutica  and  Aspidonectes  spinifer;  in  the 
Middle  Western  States  one   species,  Aspidonectes   nuchalis ;   in  the  South-Eostern 


p.  71.)  Many  similar  example*  might  be  quoted 
among  the  Rodentia. 

1  The  figure  of  Dr.  Holhrook,  in  the  North  Amer- 
ican Herpetology,  Vol.  2,  PL  1,  represents  very  dis- 
tinctly this  oblong  form  of  the  mule  Platypeltis  ferox. 


It  is  less  ao  in  Aspidonectes  spinifer,  us  the  figure  of 
LeSueur  published  in  the  Mem.  du  Mils.,  Vol.  15,  PI. 
C.  distinctly  shows.  These  two  figures  will  at  once 
exhibit  the  differences  characteristic  of  the  forms  of 
the  two  specie*. 
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and  Southern  States,  two  species,  belonging  to  two  different  genera,  Platypeltis 
ferox  and  Aspidonectes  asper ;  and  in  the  South-West,  in  Texas,  one  species,  Aspi- 
donectes  Emoryi. 

III.   Aspidoxectes,  Way!. 

The  head  is  broader,  and  less  flattened,  than  in  Amyda.  The  sides  of  the 
front  part  of  the  head  approach  each  other  continually,  and  arc  nearly  straight 
from  behind  forward.  The  proboscis  is  straight,  and  cut  vertically;  the  nostrils 
are  crescent-shaped,  and  subdivided  by  a  projecting  ridge  arising  from  the  middle 
of  the  narrow  vertical  partition  which  separates  them.  The  outer  surface  of  the 
maxillaries  curves  out,  from  the  suture  with  the  prefrontals,  for  about  half  its 
width,  then  turns  down  and  descends  almost  vertically  to  the  alveolar  edge.  Thus 
the  mouth  is  broader,  and  the  nose  less  rounded,  than  in  Amyda  The  alveolar 
edge  curves  down  slightly  from  end  to  end ;  it  is  sharp,  but  in  the  adult  it  has 
no  teeth.  The  vertical  alveolar  surface  is  broadest  near  the  front  end,  and  nar- 
rows thence  backward.  The  horizontal  alveolar  surface  is  broadest  at  the  hind 
end,  and  narrows  thence  forward ;  it  descends  nearly  constantly  from  the  hind  to 
the  front  end.  There  is  here,  as  in  Amyda,  a  large  opening  in  the  skull  in 
front  of  the  vomer.  The  symphysis  of  the  lower  jaw  is  much  shorter  than  in 
Amyda,  and  the  end  of  the  jaw  broader.  The  alveolar  surface  narrows  from  the 
symphysis  backward;  at  it*  front  end  it  descends  steeply  from  the  outer  edge 
inward,  but  at  its  hind  end  the  inner  edge  is  raised,  so  that  there  is  a  slight 
depression  in  the  surface  there.  The  alveolar  edge  is  sharp  all  round.  Thus 
we  have  in  this  genus  stronger  jaws,  with  broader  alveolar  surfaces,  than  in 
Amyda,  and  cutting,  but  not  toothed,  alveolar  edges. 

Aspidonectes  splnifer,  Ag.  All  modern  herpetologists  seem  to  agree  in  the 
opinion  that  Trionyx  spinifer,  LeS.,  is  identical  with  Tr.  ferox,  Sc/uc.  I  have 
satisfied  myself,  by  a  direct  comparison  of  a  large  number  of  specimens  of  every 
age,  that  this  is  a  mistake.  It  is  true,  Dr.  Holbrook  has  shown 1  that  there  is 
an  easy  water  communication  between  the  different  stations  occupied  by  these 
Turtles;  but  it  docs  not  follow,  that,  because  animals  may  migrate  without  serious 
obstacle  over  any  extent  of  land  or  sea,  they  are  necessarily  the  same  within 
the  boundaries  of  such  areas.  The  ingenious  suggestion  of  Dr.  nolbrook,  intended 
to  explain  the  presence  of  a  southern  species  in  the  waters  of  the  North-Western 
and  North-Eastern  States,  as  far  as  Lake  Champlain,  has  in  reality  only  put  an 
end  to  all  further  comparisons  between  our  Trionychidae. 

1  North  American  Ilcrpcl.  Vol.  2,  p.  15. 
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The  only  correct  description  I  know  of  Aspidonectes  spinifer  is  that  of  Le- 
Sueur.1  All  later  writers  have  confounded  it  more  or  less  with  Platypeltis  ferox, 
until  the  two  were  finally  considered  as  identical.  Its  chief  specific  characteristics 
are  not  the  spines  along  its  anterior  margin,  whence  the  name  is  derived,  —  for 
such  spines  exist  more  or  less  in  all  species  of  the  genus  Aspidonectes, —  but  the 
blunt  keel,  which  extends  along  the  median  line  and  slopes  uniformly  upon  the 
sides,  a  character  by  which  it  is  easily  distinguished  from  Aspidonectes  nuchalis, 
a  species  thus  far  overlooked,  in  wliich  there  is  a  marked  depression  on  either 
side  of  a  similar  keel  along  the  median  line.  When  young,  Aspidonectes  spinifer 
(PI.  0,  fig.  1  and  2)  is  dotted  all  over  the  back  with  small  ocellated  spots,  which 
increase  with  age,  and  then  fade  into  irregular  blotches  upon  a  darker  or  lighter 
yellowish  brown  ground.  In  early  age,  the  margin  has  a  narrow,  light-colored 
seam,  separated  from  the  darker  disc  by  a  black  line,  which  fades  and  disappears 
with  age.  The  front  part  of  the  neck  is  mottled  with  yellow  and  black,  and 
so,  also,  is  the  lower  surface  of  the  feet  Besides  the  difference  in  the  length 
of  the  tail,  the  male  differs  from  the  female  by  a  slightly  oval  form.  The 
spines  along  the  front  margin,  and  the  tubercles  which  rise  behind  them  and 
upon  the  hind  part  of  the  carapace,  are  less  prominent  in  the  males  than  in 
the  females,  exactly  the  reverse  from  Platypeltis  ferox.  The  largest  specimen  I 
have  seen,  measured  fourteen  inches  from  end  to  end  of  the  carapace.  The  eggs, 
(PI.  7,  fig.  23,)  for  which  I  am  indebted  to  Dr.  Rauch  and  Mr.  Franklin  Hill, 
are  a  little  larger  than  those  of  Platypeltis  ferox.  Major  LeConte  questions 
the  propriety  of  the  name  ferox  for  the  southern  Trionyx,  as  he  says  they  are 
not  more  inclined  to  bite  than  most  other  species  of  Testudinata;  but  LeSueur 
reports  that  he  was  severely  bitten  by  Tr.  spinifer,  and  I  have  myself  experienced 
the  power  of  its  jaws.  This  apparent  contradiction,  as  long  as  ferox  and  spinifer 
were  considered  as  the  same  species,  may  be  owing  to  the  generic  differences  of 
these  Turtles.  Aspidonectes  spinifer  is  common  from  Lake  Champlain  and  the 
western  parts  of  the  States  of  New  York  and  Pennsylvania,  through  Ohio,  Indi- 
ana, Illinois,  Missouri,  Michigan,  Wisconsin,  and  Iowa,  to  the  head  waters  of  the 
Mississippi  and  Missouri,  even  to  the  very  foot  of  the  Rocky  Mountains  (Lewis 
and  Clark).  It  inhabits  most  of  the  tributaries  of  the  Mississippi  within  the 
State  of  Wisconsin  (Dr.  P.  R.  Hoy).  1  have  received  specimens  from  Lake 
Champlain,  through  the  kindness  of  the  late  Rev.  Zadd.  Thompson;  and  from  the 

1  In  the  Memoircs  dn  Museum  d'Histoire  natu-  under  the  name  of  Trionyx  orelbilu*,  what  w»»,  no 

rclle,  Vol.  15.  p.  2i>S,  l'l.  6,  under  the  luune  of  Trio-  doubl,  a  young  female.    Wagler  consider*  thi*  «|>ecies> 

nyx  spiniferu*.  which  ought,  however,  to  be  written  a*  synonymous  with  Platypeltis  ferox.   DcKay's  Tri- 

spinifer.  LeSueur  describes  as  a  variety  of  this  species  onyx  oeeUntus  vs  Aniyda  mutica. 
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Alleghany  River,  in  Western  Pennsylvania,  from  Professor  Baird.  It  was  not 
known  in  the  State  of  New  York  before  the  completion  of  the  Eric  Canal ;  but 
since,  it  has  been  caught  in  the  Mohawk  and  in  the  Hudson  Rivers,  near  Albany 
(DeKay).  Professor  Rich.  Owen  has  sent  me  some  from  the  Wabash,  near  New 
Harmony,  in  which  place  LeSueur  first  observed  this  species.  It  is  abundant 
in  Lakes  Ontario  and  Erie,  in  the  streams  that  flow  into  these  lakes,  (Say  and 
LeConte,)  and  in  all  the  streams  of  Ohio  (Kirtland).  I  am  indebted  for  speci- 
mens from  the  Ohio  to  Mr.  Jos.  Clarke,  of  Cincinnati ;  from  Northern  Indiana  to 
Mr.  Franklin  Hill,  of  Delphi;  from  Michigan,  to  Dr.  A.  Sager  and  Professor 
Alex.  Winchcll,  of  Ann-Arbor;  from  Illinois,  to  Mr.  J.  II.  McChesney;  from 
Iowa,  to  Dr.  J.  Rauch ;  from  the  Osage  River,  in  Missouri,  to  Mr.  G.  Stolley ; 
and  from  Fort  Union,  on  the  Upper  Missouri,  to  the  Smithsonian  Institution. 
It  is  frequently  found  in  the  smaller  streams  that  dischargo  into  the  Missouri 
(Say).  The  occurrence  of  this  species  so  far  north  contrasts  strangely  with  the 
opinion,  prevailing  among  herpetologists,  that  the  representatives  of  this  family 
are  inhabitants  of  the  large  rivers  of  the  tropics.1 

Aspidonectes  asper,  Ai/.  I  have  for  a  long  time  known  only  an  imperfect 
skeleton  of  this  species,  belonging  to  the  Smithsonian  Institution,  and  prepared 
from  a  specimen  forwarded  by  Professor  B.  L  C.  Wailes,  of  Washington,  Missis- 
sippi Afterwards  I  obtained,  through  the  agency  of  Dr.  L  Harper,  a  stuffed 
specimen  belonging  to  the  Museum  of  the  University  of  Oxford,*  that  had  been 
collected  during  the  geological  survey  of  Mississippi,  under  the  superintendence 
of  Professor  Wailes.  Lately  1  have  received  a  number  of  living  specimens, 
through  the  kindness  of  Mr.  Winthrop  Sargent  of  Natchez,  which  confirm  the 
opinion  I  had  formed,  from  the  scanty  materials  at  first  at  my  command,  that 
there  exists,  in  the  South-Western  States,  a  distinct  species  of  Aspidonectes,  which 
might  easily  be  mistaken  for  Asp.  spinifer,  and  even  be  confounded  with  Platy- 
peltis  ferox.3 

Aspidonectes  asper  is  at  once  distinguished  from  all  the  other  species  of  this 


1  Com  p.  Dum.  and  IJibr.  Erpet  gener.  Vol.  2,  p. 
440,  where  it  is  stated  that  all  the  species  the  origin 
of  which  is  known,  inhabit  the  rivers  and  lakes  of  the 
wannest  part*  of  the  globe,  among  which,  it  is  true, 
they  mention  the  Ohio. 

1  Upon  application  of  Dr.  Harper,  the  trustees  of 
the  University  at  Oxford  very  liberally  consented  to 
forward  to  mc  for  examination  all  the  specimens  of 
Testudinata  collected  during  the  geological  survey  of 
the  Suae  of  Mississippi.   These  specimen*  have  been 


of  very  great  importance  to  me  in  fixing  the  geo- 
graphical range  of  many  species,  which  before  were 
not  known  to  occur  in  the  lower  course  of  the  Mis- 
sissippi. 

*  I  have  no  doubt  that  such  a  confusion  generally 
prevails,  as  no  zoologist  has  thus  far  alluded  to  the 
presence  of  two  representatives  of  this  family  in  the 
Southern  State*,  and  the  very  specimen  of  the  Mu- 
seum of  Oxford,  alluded  to  above,  bears  the  name  of 
Trionyx  ferox. 
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genus,  and  also  from  Platypeltis  ferox,  by  the  very  coarse  and  large  tubercles 
of  the  front  and  hind  part  of  the  carapace,  which  extend,  behind,  even  over 
the  bony  shield,  and  are  there  supported  by  prominent  warts  of  the  bony  plates. 
These  bony  warts  exist  in  no  other  species  with  which  I  am  acquainted:  their 
form  is  very  irregular,  sometimes  oblong  and  sometimes  orbicular;  they  also  project 
more  or  less.  Another  marked  peculiarity  of  this  species  consists  in  the  greater 
bluntness  of  the  extremities  of  the  jaws,  which  are  more  rounded  than  in  Asp, 
spinifer.  The  jugal  arch  is  also  broader.  The  difference  between  the  males  and 
the  females  is  more  striking  in  this  species  than  in  any  other,  the  males  being 
regularly  oval,  whilst  the  females  are  almost  circular  in  their  outline.  I  have 
noticed  no  difference  between  the  coloration  of  this  species  and  that  of  Asp. 
spinifer,  except  that  in  younger  specimens  of  Asp.  asper  there  are,  as  in  Platy- 
peltis  ferox,  two  or  three  black  lines  separating  the  pale  rim  of  the  posterior 
margin,  whilst  there  is  only  one  in  Asp.  spinifer;  these  lines  are,  however,  closer 
together,  and  fade  away  sooner  than  in  Platypcltis  ferox.  This  combination  of 
external  characters,  partly  resembling  Asp.  spinifer  and  partly  Plat  ferox,  explains 
how  these  species  could  be  mistaken  as  one.  Indeed,  were  it  not  for  their 
generic  characters,  a  series  of  specimens  might  easily  be  selected,  showing  every 
possible  transition  between  them.  I  do  not  know,  in  the  whole  animal  kingdom, 
another  type,  in  which  the  importance  of  the  study  of  the  generic  characters, 
prior  to  distinguishing  species,  is  brought  more  forcibly  before  the  student,  than 
the  family  of  Trionychidrc,  unless  it  be  that  of  Cinostcrnoidaj. 

Thus  far  I  have  hud  no  opportunity  of  examining  the  eggs  of  this  species;  nor 
do  I  know  the  appearance  of  the  young,  recently  hatched,  unless  a  young  speci- 
men, sent  me  by  Professor  Baird  from  the  north-western  part  of  Louisiana,  be 
the  young  of  this  species.  It  differs  but  slightly  from  the  young  Aspidonectes 
nuchalis;  it  has  the  same  large  ocelli,  but  the  bridge  connecting  the  carapace 
and  plastron,  and  a  longitudinal  area,  before  and  behind  the  bridge,  are  tinged 
with  black. 

Aswdonectes  NucHAi.is,  Aff.  I  have  only  seen  three  adult  specimens  of  this 
species,  for  which  I  am  indebted  to  Prof.  Lindsley,  of  Nashville,  Tennessee,  and 
a  number  of  young  ones,  which  I  owe  to  the  kindness  of  Prof.  Baird;  the  first 
collected  in  Cumberland  River,  the  others  in  the  head  waters  of  the  Tennessee 
River.  I  learn  from  Dr.  Samuel  Cunningham,  of  Jonesboro',  tliat,  in  the  higher 
tributaries  of  the  Tennessee  River,  a  species  of  Trionyx,  which  1  suppose  to  be 
this,  is  found  at  a  considerable  height  in  the  Alleghanies ;  a  very  unexpected  fact, 
considering  the  prevalence  of  this  family  in  warmer  regions.  This  species  differs 
strikingly  from  Asp.  spinifer  in  the  much  more  elongated  form  of  the  male,  and 
in  the  great  development  of  the  marginal  spines  and  of  the  tul>ercles  upon  the  car- 
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apace,  which  project  very  slightly  in  the  male  Asp.  spinifer.  The  young  differ  also 
in  having,  at  birth,  comparatively  large  ocelli  upon  the  carapace,  which  fade  into 
large  blotches  in  the  adult  But  the  most  prominent  specific  character  consists 
in  the  marked  depressions  on  either  side  of  the  blunt  median  keel,  and  also  in 
the  triangular  dilation  of  that  keel  behind  the  front  margin  of  the  carapace.  The 
lower  surface  of  the  neck  and  feet  is  mottled  and  speckled,  as  in  Asp.  spinifer. 
From  this  scanty  information  it  may  be  inferred  that  Asp.  nuchalis  ranges  over 
the  tracks  bounded  in  the  south  by  the  distribution  of  Platypeltis  ferox,  and  in 
the  north  by  Amyda  mutica  and  Aspidonectes  spinifer.  I  have  received  the  speci- 
mens mentioned  above  too  late  to  cause  any  of  them  to  be  represented  upon 
my  plates, 

Asiuihxvbctks  Emorvi,  Ag.  The  first  intimation  I  had  of  the  existence  of  another 
species  of  Aspidonectes  within  the  boundaries  of  the  United  States  was  from  the 
sight  of  two  eggs  collected  in  Texas  by  Dr.  Heerman,  and  presented  by  him  to 
Dr.  Holbrook,  who  gave  them  to  me.  These  eggs  (represented  in  PI.  7,  fig.  20) 
were  so  much  larger  than  those  of  either  of  the  three  other  species  of  the  family 
which  I  then  knew,  that  I  did  not  hesitate  to  consider  them  as  derived  from  an 
unknown  species.  My  supposition  was  very  soon  changed  into  certainty,  after  I 
had  received  from  the  Smithsonian  Institution  all  the  specimens  of  Turtles  col- 
lected in  Texas  during  the  operations  of  the  Boundary  Survey,  under  the  com- 
mand of  Col.  Emory,  among  which  were  young  and  adidt  specimens  of  this  spe- 
cies, collected  in  the  lower  Rio  Grande  of  Texas,  near  Brownsville.  I  take  great 
pleasure,  therefore,  in  dedicating  this  species  to  that  distinguished  officer.  I 
afterwards  received  some  more  young  specimens  from  Mr.  G.  Stolley,  collected  in 
Williamson  County,  Texas,  in  a  stream  emptying  into  the  Rio  Brazos, 

This  species  is  very  readily  distinguished  from  the  two  preceding  by  the  absence 
of  prominent  spines  along  the  front,  margin  of  the  carapace,  where  a  single  row 
of  small  tubercles  is  visible,  and  by  the  greater  width  of  the  hind  half  of  the 
shield,  the  upper  surface  of  which  is  dotted  all  over  with  small  whitish  tubercles, 
like  grains  of  sand,  arranged  in  longitudinal  rows  along  the  posterior  part  of  the 
vertebral  column,  and  diverging  somewhat  upon  the  sides,  upon  a  uniform  greyish 
ground,  without  ocelli  or  blotches.  These  tubercles  are  somewhat  larger  in  adult 
specimens  than  in  the  young.  The  pale  rim  of  the  hind  margin  is  much  broader 
than  in  any  other  species  of  the  family.  In  young  specimens,  (PI.  6,  fig.  4,)  that 
rim  is  separated  by  a  distinct  black  line,  which  afterwards  fades ;  the  white  tuber- 
cles arc  also  encircled  by  faint  black  lines,  which  soon  disappear.  The  whole  lower 
surface  is  white,  except  dark  lines  along  the  inner  surface  of  the  fingers.  The 
upper  surface  of  the  legs  and  the  upper  part  of  the  neck  and  of  the  head  are 
marked  with  small  black  dots.     A  white  line  extends  behind  the  eyes,  and  fades 
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into  the  white  sides  of  the  neck.  A  Btraight  black  line  extends  in  front  of  the 
eyes  across  the  space  which  separates  them,  and  forms  a  triangle  with  two  sim- 
ilar lines  extending  from  each  eye  to  the  tip  of  the  proboscis.  The  largest  speci- 
men I  have  seen,  measured  twelve  inches  from  end  to  end  of  the  carapace,  and 
nine  and  a  half  across  the  middle.  All  the  specimens  I  have  examined  thus  far 
were  obtained  in  Texas,  Rev.  Edward  Fontaine,  of  Austin,  Texas,  writes  me 
that  it  delights  in  clear,  bold,  and  rocky  streams,  and  possesses  nothing  of  the 
sluggishness  of  other  Testudinuta,  but  is  brisk  and  vivacious  in  all  its  movements, 
running  rapidly  on  land  when  dropped  from  the  hook  of  the  angler,  and  swim- 
ming with  great  velocity. 

I  expect  to  be  gravely  criticized  for  describing  the  species  of  our  TrionychidflB 
in  the  manner  in  which  it  has  been  done  in  the  preceding  pages.  Seeming  dis- 
crepancies may,  indeed,  be  noticed  between  the  generic  and  specific  characters  of 
these  Turtles  as  expressed  here,  and  the  description  of  the  family  characters  as 
presented  in  a  former  section.  But  Animal  Morphology  has  still  more  striking 
contradictions  in  store  in  its  nomenclature,  than  those  of  which  I  may  have  been 
thus  far  guilty.  So  long  us  our  language  has  not  yielded  to  the  necessities  of  the 
case,  there  will  be  something  awkward  in  the  use  of  expressions  that  ore  fuuiil- 
iarly  employed  to  designate  definite  forms,  when  transferred,  with  qualifications, 
to  animal  forms,  which  have  neither  the  definitencss  nor  the  regularity  of  mathe- 
matical figures.  It  may  appear  absurd  to  speak  of  a  flattened  sphere,  of  an 
elongated  circle,  (not  an  ellipse,)  and  the  like  ;  but  I  hold  that  it  is  better  to 
make  such  a  use  of  these  words  than  to  avoid  apparent  contradictions  by  the 
introduction  of  circumlocutions ;  for  such  expressions  are  at  once  characteristic,  and 
may  become  quite  picturesque  when  judiciously  applied.  The  family  of  Naiades 
among  Acephala  has  afforded  me  a  welcome  opportunity  to  test  the  importance 
of  form,  as  the  leading  cliaracter  of  families.  There  is  scarcely  another  natural 
group  which  embraces  species  apparently  more  diversified  in  their  forms  than 
these  shells.  We  need  only  compare  Unio  stegarius  with  U.  rectus  or  Shepardi- 
anus,  or  U.  alatus  with  U.  cylindricus,  or  with  U.  Cardium  or  U.  torsus  or  U. 
mytiloides,  triqueter,  flexuosus,  etc.  Every  possible  form  seems  to  be  represented 
in  that  family,  from  the  quadrangular  or  triangular  to  the  spherical.  And  yet 
all  Naiades  have  one  and  the  same  typical  form,  determined  by  their  internal 
structure,  which  may  be  described  as  ovate,  with  a  double  flexure  on  the  lower 
side,  towards  the  hind  extremity ;  and  this  form  is  determined  by  the  structure  of 
the  mantle.1     Unio  flexuosus  exhibits  this  typical  form  in  its  most  distinct  out- 

1  I  shall  have  an  opportuniiy  to  illustrate  these  Uie  fifth,  which  ia  to  be  devoted  exelu«ivuly  to  the 
statement*  most  fully  in  n  future  volume,  probably       history  of  our  fnwh-water  Mussels. 
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lines,  but  so  far  exaggerated  as  to  appear  one  of  the  most  aberrant  representa- 
tives of  the  whole  family  ;  whilst  it  is  ho  subdued  in  the  most  common  species 
as  hardly  to  be  perceptible.  This  being  the  case,  I  feel  justified  in  saying,  that, 
whosoever  does  not  see  that  all  Naiades  have  the  same  form,  is  still  as  far 
behind  in  Animal  Morphology  as  the  tyro  in  Geometry,  who  could  not  understand 
that  the  circle  may  belong  to  a  series  of  which  the  straight  line  would  be  an 
extreme  cose,  and  again  fonn  another  series  with  the  ellipse,  the  parabola,  and 
the  hyperbola ;  with  this  fundamental  difference  only,  that  all  these  forms  belong 
to  an  unstable  equilibrium  in  the  organic  world,  whilst  they  have  fixed  relations 
in  the  inorganic. 


SECTION  VI. 

TIIE  GENERA  OF  CHELYDROIDjE. 

I  know  only  three  genera  belonging  to  this  family,  and  am  not  aware  that 
there  exist  others  even  remotely  allied  to  them.  These  are  the  genus  Ciielydra. 
Schtc.,  the  genus  Platysternum,  Gray,  and  the  genus  Gypociielys,  characterized  in 
this  work  for  the  first  time.  The  genus  Ciiklydra  was  characterized  by  Schwciggcr1 
in  1812;  Fleming4  called  it  Chelonura  in  1822;  Latreille 3  called  it  Saurochelys  in 
1825;  in  the  same  year  J.  E.  Gray4  gave  it  the  name  of  Rapara;  and  in  183."), 
Dume'ril  and  Bibron,4  overlooking  the  many  names  already  proposed  by  their 
predecessors,  insisted  upon  giving  it  another  new  one,  Emysaurus,  which  they  spell 
also  Emysaura,  and  which  has  occasionally  been  further  cpioted  under  the  fonn 
of  Emydosaura.6  The  genus  Platysternum  was  first  characterized  by  J.  E  Gray: 
in  1831.  Though  1  never  had  an  opportunity  myself  of  examining  this  hist  genus, 
I  have  no  doubt  that  it  belongs  to  the  family  of  Chelydroids ;  and  the  descriptions 
and  figures  given  by  Gray,  and  Dume'ril  and  Bibron,"  furnish  satisfactory  evidence 
of  its  true  relations.  This  being  the  cose,  it  is  interesting  to  notice  how  widely 
apart  from  one  another  the  few  living  representatives  of  this  family  are  found 
upon  the  surface  of  our  globe.  Platysternum  with  one  species,  in  China ;  and  Che- 
lydra  and  Gypociielys,  each  with  one  species,  in  North  America.  But  this  singular 
geographical  distribution  acquires  a  special  interest  when  it  is  further  stated,  that 
the  American  genera   Chelydra  and   Gypociielys  are  only  met  with  on  the  east- 

1  In  tho  work  q.  a.,  p.  394,  nole  5.  4  Erp.  gen.,  voL  2,  p.  199,  and  318. 

»  In  his  Phil.  Zool.,  vol.  2,  p.  270.  •  Cut.  Urit.  Mus.,  1H44,  p.  84. 

*  Families  naturclhtt  <lu  Regn.  An.  '  l'roe,  Zool.  Sor.,  Lomlon,  1831,  p.  100. 

'  Ann.  of  Phil,  1825,  vol.  10,  p.  210.  ■  Erp.  gi?n.  PL  16,  fig.  2. 
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ern  side  of  the  American  continent,  and  not  at  all  to  the  west  of  the  Rocky 
Mountains,  or  even  in  their  immediate  vicinity ;  since  we  cannot  fail  to  see,  in 
this  apparently  anomalous  distribution,  another  instance  of  the  remarkable  similarity, 
pointed  out  by  the  founder  of  the  Physical  Geography,  between  the  eastern  or  west- 
ern shores  of  our  continents  when  respectively  compared  with  one  another,  in  their 
physicul  features,  and  in  the  character  of  their  inhabitants. 

There  is  another  fact  of  general  interest  connected  with  this  family,  —  its  exist- 
ence in  Europe,  in  past  geological  ages,  while  no  trace  of  these  Turtles  can  be 
found  there  now.  The  fact  is  well  authenticated  :  two  very  distinct  species  of 
Chelydroids,  from  the  Miocene  beds  of  Ocningen,  near  the  Lake  of  Constance,  have 
been  described  and  handsomely  illustrated  by  Th.  Bell 1  and  Hcrm.  von  Meyer.2  But 
what  is  the  meaning  of  such  a  phenomenon  ?  I  am  inclined  to  think  that  the 
early  introduction  of  this  family,  in  Europe,  during  the  Tertiary  period,  became  an 
inducement  for  their  reproduction,  in  a  later  age,  upon  other  continents,  one 
of  which,  at  least,  bears  every  characteristic  of  having  been,  long  before  Europe, 
and  for  ages  past,  essentially  what  it  is  now,  as  far  as  its  physical  features  are 
concerned.  I  would,  therefore,  suggest  that  America  has  among  its  Testudinata 
old-fashioned  types,  because  it  is  the  oldest  continent,  and  not  because  Chelydra 
is  any  more  characteristic  of  the  American  fauna  than  of  the  European.  I  shall 
presently  call  attention  again  to  this  point. 

The  eggs  of  the  Chelydroida?,  like  those  of  the  Trionychidaj  and  Chelonii,  are 
spherical  ;  but  they  are  liable  to  occasional  variations,  those  of  Chelydra 
tina  at  least,  for  I  have  twice  obtained  ovate  eggs  from  their  nests,  and  once 
found  an  ovate  one  in  its  ovary  (PI.  7,  fig.  25).  Among  the  spherical  ones 
(fig.  24  and  2G)  there  is  also  some  variation  as  to  size,  and  to  a  less  extent 
respecting  the  hardness  of  the  shell.  I  have  no  reason  to  infer  from  these 
facts  that  the  eggs  of  Testudinata  are  generally  liable  to  great  variations,  because 
the  family  of  the  Chelydroidaj  stands,  as  it  were,  between  the  lower  families  with 
spherical  eggs  aud  the  higher  families  with  ovate  eggs,  and  we  should  expect 
a  stronger  tendency  to  unusual  combinations  in  animals  holding  such  a  position 
than  in  others ;  though  it  must  not  be  forgotten  that  there  is  also  some  dispo- 
sition to  vary  among  the  eggs  of  the  families  in  which  they  are  oval,  and  that 
the  highest  Testudinata  lay  spherical  eggs  like  the  lowest.  This  last  fact  seems 
to  me  strongly  to  vindicate  the  view  which  I  have  already  expressed,  that  the 
Testudinina  are  not  absolutely  higher  than  the  other  natural  groups  of  this  type, 
and  cannot,  therefore,  be  considered  in  the  light  of  a  sub-order  coequal  with  the 
Chelonii  proper.     (Compare  p.  249.) 


1  Proc.  Geol.  Soc.,  London,  1831. 


1  Zur  Fauna  dcr  Vorwelt,  1  vol.  foL 
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The  young  of  the  family  of  Chelydroida?  exhihit  new  features,  different  from 
those  which  we  have  noticed  before  in  sea  Turtles,  in  Emydoidre,  and  in  Trio- 
nychidte.  When  hatched,  they  start,  like  the  Trionychidaj  and  Emydoida1,  with  a 
circular  body ;  but  their  body  is  relatively  much  higher  than  that  of  the  Trio- 
nychidas  and  Emydoidaj,  and  flattens  out  with  age.  The  circular  form  grows 
first  more  and  more  oval,  then  oblong,  in  Gypochelys,  (PI.  5,  fig.  23-27,)  by  a 
straightening  of  the  lateral  margin;  while  in  Chelydra  (PI.  4,  fig.  13-16,  and  PI. 
5,  fig.  18  and  19)  an  oval  circumference  is  permanent  throughout  life.  The  orna- 
mental bass-relief  which  appears  upon  the  surface  is  not  less  peculiar  in  Chelydroidai. 
In  Gypochclys  it  exists  all  over  the  body ;  in  Chelydra  particularly  on  the  upper 
shield,  where  the  corium  rises  in  the  form  of  larger  and  smaller  warts  and  ridges. 
Besides  smaller  warts,  which  are  spread  irregularly  all  over  the  body  in  Gypo- 
chclys, and  over  the  shield  in  Chelydra,  we  see  in  both  genera  three  rows  of  lon- 
gitudinal ridges  formed  by  the  median  and  the  two  costal  plates  of  the  back.  These 
ridges  are  homologous  to  the  three  longitudinal  rows  of  the  young  Thalassochelys 
and  of  the  genus  Chclys.  The  homology  of  Gypochelys  with  the  latter  genus  is 
even  carried  so  far,  that,  in  the  adults,  the  horny  plates  as  well  as  the  corre- 
sponding bony  shields,  when  only  seen  from  above,  could  hardly  be  distinguished. 
Even  that  curious  twisting,  characteristic  of  the  lateral  ridges,  is  the  same  in  both 
cases,  and  the  sutures  between  the  costal  plates  run  through  them  in  exactly  the 
same  places.  We  see  here  a  homology  of  forms  connected  with  the  greatest  dis- 
crepancy of  structure  ;  for  the  true  skeleton  of  Chelys,  taken  as  a  whole,  is  so 
different  from  that  of  the  Chelydroida?,  as  to  justify  fully  their  separation  as  dis- 
tinct families.1  Beyond  these  three  ridges,  we  find,  in  the  young  Gypochelys,  two 
more  ridges  on  the  top  of  the  marginal  plates.  These  are  wanting  in  the  young 
and  in  the  adult  Chelydra,  and  nearly  so  in  the  adult  Gypochelys.  Moreover, 
in  the  adult  Chelydra,  the  three  median  ridges  fade  also  more  and  more  with 
advancing  age,  and  we  have  seen  large  adult  specimens  which  were  entirely  smooth. 
The  lateral  and  posterior  marginal  plates  of  the  young  of  this  family  are  narrower 
outwardly  than  where  they  are  attached  to  the  costal  plates.  This  causes  the 
circumference  of  the  posterior  half  of  the  trunk  to  appear  deeply  scalloped  in 
Gypochelys,  but  less  so  in  Chelydra,  where  these  indentations  disappear  more  and 
more  with  advancing  age.  At  the  first  sight,  the  tail  would  seem,  on  account 
of  its  great  size,  to  be  an  organ  adapted  for  similar  functions  as  in  young  Emy- 
doids,  in  which  we  found  it  also  relatively  very  long ;  but  upon  closer  examina- 
tion we  may  soon  be  satisfied  that  the  round,  strong  tail  of  the  Chelydroids, 
though  very  long,  is  not  a  rudder  as  in  young  Emydoids,  but  a  support  in  walk- 

•  See  the  family  character*  of  ChcljdroiJ*  and  Chelj-oids,  p.  335-346. 
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ing,  or  iu  attacking  their  prey  and  in  defending  themselves.  The  Chelydroids  make 
the  same  use  of  their  tail  when  adult  The  long  tail  of  the  young  is  there- 
fore typical  here,  and  not  an  emhryonic  feature,  as  it  is  in  the  Emydoids.  The 
Chelydroidsu  are  mud  Turtles;  they  walk  on  the  mud,  or  on  the  bottom  of  the 
water,  and,  when  put  into  the  water,  they  instantly  dive  to  the  bottom.  Nevertheless, 
in  this  family,  the  feet  are  also  better  adapted  for  swimming  in  the  early  part  of 
life  than  later ;  at  least,  the  web  between  the  toes  is  thinner,  and  thus  the  toes 
more  movable  than  in  the  adult  This  is  particularly  obvious  when  comparing  the 
hind  feet  of  the  young  Gypochelys  with  those  of  the  adult;  for  in  the  latter  they 
are  heavy,  bulky,  plantigrade,  walking  feet. 

Most  of  the  characters  which  we  have  considered  thus  far  are  common  to 
the  two  American  genera  of  Chelydroida^,  Chelydra  and  Gypochelys.  But  there 
arc  already  features,  in  the  young  of  the  first  year,  which  constitute  generic 
differences.  This  is  particularly  evident  in  the  head  and  tail.  The  head  of 
the  young  Gypochelys  exhibits  already  fully  that  wedge-shaped  eagle  bill,  running 
shurply  down  in  front  by  which  it  is  so  clearly  distinguished  from  Chelydra  when 
adult;  while,  in  the  young  Chelydra,  the  head  is  already  much  shorter,  and  the 
jaws  more  rounded.  Again,  the  tail  distinguishes  them  also  when  young  most 
strikingly  ;  its  lower  surface,  in  Gypochelys,  being  covered  with  many  small 
more  or  less  imbricated  scales,  just  as  in  the  Anguiformes  among  Lizards,  while 
in  Chelydra,  as  in  most  Snakes,  there  run  all  along  the  under  surface  of  the 
tail,  two  rows  of  large  scales.  In  Lizards  and  in  Snakes,  this  amounts  to  a 
family  character,  the  scales  of  the  tail  being  there  of  more  importance  than  in 
Turtles,  in  which  we  can  only  recognize   generic  differences  in  their  peculiarities. 

The  American  members  of  this  family  are  divided  into  two  strongly  marked 
groups,  one  comprising  the  genus  Gypochelys,  the  other  the  genus  Chelydra. 
These  groups  have  clearly  defined  generic  characters;  but  it  is  a  question,  whether 
some  of  their  distinguishing  characters  have  not  a  more  than  generic  value.  The 
elements  of  form  are  in  general  the  same  in  both ;  but  there  are  wide  differences 
in  the  forms  of  the  head,  which  are,  perhaps,  such  as  to  make  each  group  a 
subfamily.1     In  Gypochelys   every   thing  about   the   head  is  fitted   to   give  the 


'  Whether  On  family  of  CbefydrofaU  cantata  two 

Rub-families  or  not,  there  ran  be  nu  «Uiulit  tlmt  it- 
North  American  rcpre-cntatives  belong  to  two  <li«- 
tlaet  genera.  Il  will  he  easier  to  settle  the  question 
of  the  sub-families  after  tin  o|i|K>rtunity  has  lieen  had 
to  compare  carefully  the  genus  Fluty  sternum.  It 
may  seem  iinmnteriul  to  ascertain  this  point,  when 
it  is  considered  that  the  whole  family  number*  only 


three  genera.  Hut,  if  the  principles  which  I  have  ad- 
vocated in  the  first  part  of  this  work  are  correct,  it 
will  he  found  that  l'latyslcrnum  will  either  be  inter- 
mediate between  Chelydra  and  Gypochelys,  in  which 
case  the  family  would  not  be  sulxlivided,  or  I'la- 
tysternum  will  lean  more  towanls  one  or  the  other 
of  the  American  genera,  in  which  ease  it  would  at 
once  appear  that  it  embraces  two  distinct  sub-families. 
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greatest  force  to  the  bite  of  the  animal  :  the  mouth  is  narrow  ;  the  jaws  are 
strong;  and  their  muscles  are  enormously  developed,  forming  the  great  bulk  of  the 
head.  In  Chelydra  the  mouth  is  broader,  the  jaws  are  not  so  strong,  and  their 
muscles  are  less  developed.  Upon  this  general  difference  depend  most  of  the  dis- 
tinguishing characters  of  the  two  groups. 

T.  GvpocnELYS,  At/. 

The  skull  of  Gypochelys  is  very  broad  and  high  at  the  hind  end,  and  rap- 
idly grows  narrow  and  low  thence  forward ;  that  part  which  includes  the  mouth 
and  eyes  and  nose  being  very  small  in  comparison  with  that  which  includes  the 
fossae  temporales.  The  upper  surface  is  nearly  horizontal  from  side  to  side,  and 
meets  the  sides  at  sharp  angles  ;  it  descends  steeply  from  behind  forward  till 
between  the  eyes,  where  it  makes  an  angle,  and  thence  to  the  front  end  it  is 
nearly  horizontal  ;  it  narrows  continually  forward  from  where  it  first  reaches 
entirely  across  the  head,  but  is  still  broad  between  the  eyes,  and  blunt  at  the 
front  end.  The  sides  spread  outward  somewhat  towards  the  lower  edge  between 
the  ears  and  eyes,  (that  is,  over  the  fossa?  temporales.)  and  thus  the  head  grows 
broader  downward  ;  but,  in  front  of  the  fossa?,  the  head  is  broader  across  the 
upper  surface  than  across  the  mouth  below.  The  eyes  open  sidewise  and  forward, 
not  at  all  upward ;  the  sides  of  the  nasal  region  in  front  of  the  eye  are  nearly 
vertical ;  and  the  outer  surface  of  the  jaw  is  turned  inward  toward  the  alveolar 
edge,  except  at  the  symphysis,  where  it  is  on  a  nearly  vertical  line  with  the 
end  of  the  nose  above.  Thus  the  mouth  is  narrow.  The  nasal  region  is  high, 
and  flattened  sidewise.  The  upper  jaw,  at  the  symphysis,  is  drawn  down  to  a  long, 
strong  point  On  each  side  of  this  point  the  alveolar  eilge  rises  steeply,  then 
curves  down  under  the  eye,  and  again  a  little  upward  at  the  hind  end.  The 
alveolar  surface  is  carried  high  up  under  the  nose,  so  as  to  form  there  an  inverted, 
deep,  conical  pit.  The  pterygoids  are  narrow  between  the  muscles  of  the  jaw. 
The  lower  jaw  is  high  aud  strong;  and,  like  the  upper  one,  it  is  drawn  out  at 
the  symphysis  to  a  long,  strong  point,  which  rises  higher  than  the  coronal  angle. 
The  outer  surface,  at  the  symphysis,  curves  far  inward  in  descending  from  the 
upper  to  the  lower  edge,  and,  when  the  mouth  is  closed  and  the  point  of  this 
jaw  carried  to  the  top  of  the  pit  above,  there  is  a  large  space  in  front  of  this 
surface  between  it  and  the  inner  surface  of  the  upper  jaw.  The  strength  of  the 
jaws,  the  height  of  the  lower  one,  the  height  of  the  head  over  the  mouth,  the 
narrowness  of  the  mouth  itself,  and  the  height  and  width  of  the  back  part  of  the 
head,  are  all  clearly  connected  with  the  force  of  the  bite  of  the   animal.  The 
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neck  is  shorter  than  in  Chelydra ;  this  is  owing  to  the  size  of  the  head ;  for 
such  a  head  on  a  long  neck  would  be  cumbersome.  The  three  ridges  along  the 
carapace  are  largely  developed,  and  neither  of  them  vanishes  with  age.  The  mar- 
ginal rim  is  thick,  projecting  far  out  beyond  the  carapace  at  the  sides  ;  and  at  the 
front  end  it  is  deeply  arched  backwards,  which  is  necessary  to  allow  free  motion 
to  the  large  head.  One  scale  covers  the  whole  nose,  above  the  horny  sheath  of 
the  jaw.  There  is  a  characteristic  row  of  scales,  three  in  number,  situated  between 
the  costal  and  marginal  rows,  over  the  union  of  the  carapace  and  plastron,  the 
addition  of  which  is  perhaps  due  to  the  great  thickness  of  the  marginal  rim  at 
that  place,  and  two  scales  on  each  of  the  bridges  of  the  plastron,  within  the 
row  of  three  which  crosses  the  ends.  The  whole  neck  and  chin  are  covered 
with  horny  papilla;  of  various  sizes  and  forms. 

Gvpochelys  laceutina,  Aff.1  Sufficient  references  to  this  species  have  already 
been  given  (p.  250).  Its  geographical  range  extends  from  western  Georgia  and 
north-western  Florida,  through  Alabama,  Mississippi,  and  Louisiana,  to  Texas.  But 
I  do  not  know  exactly  how  far  north  it  may  be  found  in  the  valley  of  the 
Mississippi.  I  have  lately  received  another  young  specimen  from  the  neighbor- 
hood of  New  Orleans,  through  the  kindness  of  Dr.  Benedict,  and  compared  other 
specimens  from  Mississippi,  sent  by  Professor  Wailes  to  the  Museum  of  the  Essex 
Institute  in  Salem,  and  also  one  belonging  to  the  Museum  of  Oxford,  Missis- 
sippi. Mr.  Robert  II.  Gardiner  has  sent  me  one  from  south-western  Georgia  They 
all  agree  in  their  generic  and  specific  characters,  and  fully  sustain  the  first 
observations  of  Dr.  Holbrook.4  According  to  Professor  Wailes,  it  measures  some- 
times three  feet  in  its  greatest  diameter.  I  insert  below  some  interesting  remarks 
respecting  its  habits,  which  have  lately  been  communicated  to  me  by  Rev.  Edw. 
Fontaine,  of  Austin,  in  Texas,  who  first  observed  it  in  that  State. 

UI  often  have  encounters  with  them  when  fishing  for  bass  in  our  prairie 
rivulets.     1  saw  one  lying  dead  on  the  margin  of  a  lake  in  Panola  County, 


1  Aa  this  species  is  unquestionably  the  Chelydra 
lacertinn  of  Schweigger,  (Prodr.,  q.  a.,)  the  specific 
name  of  Gyp.  Temminckii,  proposed  by  Troost  and 
Dr.  Holbrook,  and  adopted,  p.  248,  must  give 
way  to  the  older  one,  introduced  by  Schweigger.  I 
am  well  aware  that  Dumeril  and  Ilibron  distinctly 
Mate  (Erp.  gen.  vol.  2,  p.  354)  that  Chelydra  hver- 
tina,  ScJitr.,  in  only  founded  u|K>n  an  overgrown  speci- 
men of  Chelydra  serpentina ;  but  the.se  very  specific 
names  show  that  Schwcigger  not  only  knew  the  two 
species  of  Chelydroida  which  inhabit  the  United 


State*,  but  also  perceived  the  difference*  in  the  scales 
under  the  tail,  which  distinguish  them,  and  upon 
which  I  have  insisted,  (p.  412,)  as  generic  character* ; 
and  tlial  he  was  aware  how  these  peculiarities  com- 
pare with  the  scales  of  Serpents  and  Laccrtians. 

'  North  American  Herpetology,  vol.  1,  p.  147, 
pi.  24.  Dr.  Holbrook  describes  it  under  the  name  of 
Chclonura  Temminckii ;  Dumeril,  Cat.  Rep.  of  the 
Jardin  des  Plantes,  calls  it  Emysaurus  Temminckii, 
adding,  that  he  bad  already  distinguished  it  in  his  man- 
uscript, as  E.  laeertina.    Compare,  however,  note  1. 


Digitized  by  Google 


Chap.  III. 


GENERA  OF  CHELYDROIDiE. 


415 


Mississippi,  mode  by  an  old  bed  of  the  great  river,  which  measured  nine  inches 
between  the  eyes.  I  took  no  other  measurement  of  its  dimensions,  and  had 
no  means  of  weighing  it ;  but  I  am  confident  it  would  have  weighed  more  than 
a  hundred  pounds.  I  saw  the  skull  of  one  much  smaller,  caught  by  a  gentle- 
man in  the  same  county,  which  weighed  seventy-five  pounds.  I  have  seen  none 
of  half  that  size  in  this  vicinity.  1  kept  two  for  several  years  in  my  fish-pond. 
They  became  very  tame,  but  finding  they  were  eating  my  fish  I  shot  one,  and 
wounded  the  other  with  a  fish-gig;  but  his  sagacity  prevented  my  capturing  him. 
I  fed  the  perch  and  minnows  with  bread,  which  the  alligator  turtle*  devoured 
greedily.  One  day,  after  he  had  eaten,  he  remained  upon  the  rock  where  I  had 
fed  him,  and  which  was  only  about  a  foot  beneath  the  surface,  where  it  shelved 
over  water  ten  feet  deep.  A  swarm  of  minnows  and  perch  were  picking  up 
crumbs  around  him,  apparently  unconscious  of  his  presence.  His  head  and  feet 
were  drawn  sufficiently  within  his  shell  to  be  concealed.  His  mossy  shell  could 
not  well  be  distinguished  from  the  projections  of  the  rock,  on  which  he  was 
lying  in  ambush.  Several  large  bass  were  gliding  around  him,  occasionally  dart- 
ing at  the  minnows.  One  of  these,  about  fourteen  inches  in  length,  came  within 
striking  distance  of  his  head,  which  he  suddenly  thrust  out  and  fastened  upon 
him,  fixing  his  aquiline  bill  deeply  into  his  side  and  belly.  He  immediately 
drew  the  fish  under  him,  and,  holding  him  down  firmly  to  the  rock  with  his 
forefeet,  ate  him  greedily,  very  much  as  a  hawk  devours  its  prey.  1  drew  out 
a  largo  line  and  hook  and  baited  it  with  a  minnow,  und  threw  it  to  him, 
determined  to  get  rid  of  this  skilful  angler.  He  seized  it ;  I  gave  a  sharp 
jerk,  and  fastened  it  in  his  lower  jaw.  Finding  him  too  heavy  to  lift  by  the 
hook  upon  a  rock  six  feet  perpendicular,  I  led  him  around  to  the  lower  end 
of  the  pool,  where  the  bank  was  low,  and  the  water  shallow.  But,  after  getting 
him  within  a  few  feet  of  the  edge  of  the  water,  he  anchored  himself  by  stretch- 
ing forward  his  forefeet,  and  resisted  all  my  efforts  to  get  him  nearer.  He 
seemed  to  be  in  a  furious  rage,  and,  after  several  sharp  snaps  at  the  line,  he 
broke  the  hook  and  retreated  into  the  deepest  part  of  the  pool.  I  never  could 
get  him  to  bite  at  any  thing  afterwards;  and,  finding  I  had  a  design  upon  his 
life,  he  became  very  shy.  I  afterwards  discovered  him  in  deep  water,  eating  the 
bread  which  fell  from  the  shelving  rock,  on  which  he  had  fed  for  several  years, 
but  upon  which  he  never  ventured  afterwards  when  I  was  near.  I  threw  a  gig 
at  him,  and  fastened  it  in  his  neck ;  but,  by  a  violent  effort  with  one  of  his 
forefeet,  he  tore  it  loose  and  ran  under  the  rock.  I  frequently  saw  him  after 
bis  escape,  but  always  in   the  act  of  retreating  to  his  hiding-place,  which  was 

1  Thin  is  the  name  given  to  this  species  in  the  Southern  States. 
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entirely  inaccessible.  I  intended  sinking  a  steel-trap,  baited  with  beef,  to  secure 
this  sagacious  old  fellow,  but  my  removal  to  the  city  side  of  the  Colorado  prob- 
ably saved  his  life;  and  I  have  but  little  doubt  he  yet  lives  and  thrives  upon 
the  numerous  fishes  I  left  with  him.  If  these  two  turtles  made  a  nest  or 
deposited  their  eggs  while  I  had  charge  of  them,  I  never  discovered  it  They 
kept  all  their  love  for  one  another,  and  their  domestic  affairs,  a  profound  secret 
from  their  master.     This  species  has  a  strong  musky  smell." 

A  comparison  of  the  young,  (PL  5,  fig.  23-27,)  and  of  the  eggs,  (PI.  7,  fig. 
27,)  with  those  of  Chelydra  serpentina,  (PI.  4,  fig.  13-16;  PI.  5,  fig.  18,  19,  and 
PI.  7,  fig.  24-20,)  will  suffice  to  show  the  difference  between  these  two  remark- 
able Turtles.  The  color  of  Gypochelys  laccrtina  varies  from  a  light  reddish  or 
yellowish  brown  to  an  almost  black  tint 

II.  Chelvdra,  Sckic. 

The  head  is  smaller  in  Chelydra  than  in  Gypochelys,  the  difference  lying 
mostly  in  the  relative  size  of  the  muscles  which  move  the  jaw,  for  the  mouth 
is  much  broader  here  than  in  Gypochelys.  The  upper  surface  does  not,  as  in 
Gypochelys,  make  an  angle  and  lessen  its  descent  in  passing  forward  to  the 
region  of  the  eyes,  but  continues  with  one  slope  from  the  hind  to  the  front 
end.  The  bony  covering  of  the  head,  back  of  the  eyes,  is  a  low,  flattened  arch, 
spread  out  widely  below,  the  sides  making  a  very  slight  angle  with  the  upper  sur- 
face. The  head  widens  downward  aLso  at  the  region  of  the  eyes,  and  the  orbits 
are  near  together  at  their  upper  edges  and  wide  apart  below,  so  that  the  eyes 
look  upward  as  well  as  forward  and  sidewise.  The  upper  and  hind  edges  of 
the  orbits  project  considerably  beyond  the  skull,  just  between  and  behind  them. 
The  spreading  apart  downward  of  the  sides  of  the  front  part  of  the  head 
makes  the  mouth  very  broad.  The  nasal  region  is  short  not  high  and  flattened 
sidewise,  as  in  Gypochelys,  but  rounded  and  conical,  with  the  front  end  trun- 
cated. The  outer  surface  of  the  jaw,  at  the  front  end,  slants  backward  from  the 
nose  to  the  alveolar  edge.  The  alveolar  edge  is  prolonged  downward  at  the 
symphysis  to  a  small  point ;  and  on  each  side  of  the  point  the  curve  of  the  sides 
of  the  nasal  region  is  continued  down  to  the  edge,  and  makes  a  short  depres- 
sion in  it:  the  edge  curves  down  only  slightly  under  the  eye.  The  pit,  in  the 
alveolar  surface  at  the  front  end,  is  very  small  The  pterygoids  are  broad 
between  the  muscles  of  the  jaw.  The  lower  jaw,  like  the  upper  one,  is  spread 
wider,  and  is  lower  and  not  so  strong,  as  in  Gypochelys.  Its  alveolar  edge  is 
pointed  at  the  symphysis ;  but  the  point  is  very  small,  and  reaches  no  higher 
than  the  coronal  angle.     The  ridges  along  the  carapace  arc  here  less  developed 
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than  in  Gypochelys,  and  almost  disappear  late  in  life.  The  marginal  rim  pro- 
jects only  slightly  at  the  sides  beyond  the  carapace;  its  front  end  is  much  less 
arched  backward  than  in  Gypochelys.  There  are  a  pair  of  scales  on  the  nose,  above 
the  horny  sheath  of  the  jaw.  There  is  no  row  of  scales  between  the  marginal 
and  costal  rows.  The  scales  on  the  plastron  are  less  numerous  than  in  Gypo- 
chelys ;  one  large  one  covers  the  whole  bridge  inside  of  the  row  of  three  which 
curves  its  outer  edge.     There  are  only  two  papillae  under  the  chin. 

Chelydba  skbpextixa,  Schie.1  This  is  the  well  known  Snapping  Turtle  of  the 
United  States,  one  of  the  most  widely  distributed  species  of  this  continent  It 
is  found  from  Canada  and  Maine  to  Florida,  and  westward  to  the  Missouri  and 
to  Louisiana.  1  have  seen  specimens  from  Ohio,  from  Indiana,  from  Iowa,  from 
Missouri,  and  from  Tennessee,  not  to  speak  of  the  Eastern  and  Middle  States, 
where  it  is  everywhere  common;  but  I  stdl  entertain  some  doubts  as  to  the  iden- 
tity of  the  specimens  from  the  Southern  States.1  The  color  varies  from  light  to 
dark  brown.  Its  growth  is  much  more  rapid  during  the  first  ten  or  twelve 
years  of  its  life  than  afterwards,  as  may  easily  be  ascertained  by  a  comparison 
of  the  relative  distance  of  the  hues  of  growth  in  the  centre  and  at  the  edge  of 
the  scales  of  adult  specimens."  It  is  reported,  upon  reliable  authority,  that  a 
specimen,  marked  forty-five  years  ago,  only  increased  one  inch  in  that  time. 

The  fossil  species  referred  to  the  genus  Chelydra  seem  to  belong  to  two  dis- 
tinct genera,  resembling  more  closely  in  some  respects  the  genera  Chelydra  and 
Gypochelys,  while  in  other  respects  they  are  more  closely  allied  to  Platysternum, 
judging  from  the  greater  width  of  the  anterior  end  of  the  sternum  in  Chelydra 
Murchisoni,  and  of  the  posterior  end  in  Ch.  Dechenii.' 


1  Although  Linmcu*  mention*  Algiers  find  China 
ns  the  home  of  his  Testudo  serpentina,  there  can  he 
no  donht  that  it  is  our  species,  nnd  that  he  was  mis- 
taken as  to  its  origin,  the  genus  Chelydra  being  ex- 
clusively North  Ameriean.  Pennant  mentions  it  as 
Testudo  serrate,  and  Shaw  us  Testudo  longicaudu. 
The  names  under  which  it  is  most  frequently  quoted 
are  Chelydra  serpentina,  Chelonura  serpentina,  ami 
Eniy»aurus  serpenlinus. 

*  Specimens  from  Mobile  and  New  Orleans  show 
a  wider  emargination  between  the  middle  pair  of  the 
marginal  plates  of  the  hind  margin  than  northern 
ones,  and  the  keels  of  the  back  are  less  prominent. 
There  are  some  other  differences  in  the  scales  ujion 
the  bridge  between  the  plastron  and  the  shield ;  but  I 
have  not  seen  a  sufficient  number  of  specimens  to  be 

53 


positive  that  all  those  found  at  the  south  agree  in  this 
respect,  and  constitute  a  distinct  species.  At  all 
events,  however,  it  is  a  remarkable  variety,  which 
does  not  occur  at  the  north,  and  which  I  shall  label 
Chtiydra  emargimttit  in  my  collection,  until  I  have 
belter  opportunities  of  ascertaining  the  value  of  the 
differences  thus  far  noticed. 

1  Judging  from  the  lines  of  growth,  specimen*  six 
and  a  half  inches  long  and  five  and  a  half  inches 
wide  are  only  twelve  years  old ;  while  others,  which 
mcasuru  not  more  than  twelve  inches  in  length  and 
nine  and  a  quarter  in  width,  are  at  least  thirty-eight 
years  old. 

4  Chelydra  Mnrchisonii,  Tied,  (Trans.  Geol.  Soc. 
Lond.,  2d  ser.,  vol.  4,  p.  279.  pi.  21 ;  II.  von  Meyer, 
lur  Fauna  der  Vorwelt,  p.  12,  pi.  11  and  12,  and  Pa- 
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GENERA  OF  CINOSTEUNOID^E. 

Our  knowledge  of  the  genera  and  species  of  this  family  has  progressed  very 
slowly.  For  a  long  time  only  two  species  were  known,  which  remained  mixed 
up  in  the  genus  Terrnpcnc  with  other  species  belonging  to  very  different  genera, 
until  Fleming  distinguished  the  genus  CLstudo,  Spix  the  genus  Cinosternum,  Bell 
the  genus  StcrnothaM-us,  and  Wagler  the  genus  Staurotypus,  among  which  all  the 
species  thus  far  included  in  the  genus  Terrapene  were  at  once  divided,  and  new 
ones  added.  But,  even  after  this  first  repartition  of  the  species  into  several 
genera,  much  confusion  continued  to  prevail  in  the  nomenclature,  as  well  as  in 
the  characteristics,  of  these  animals.  The  name  Terrapene,  introduced  in  our 
science  by  Mcrrcm,  in  1820,  to  include  all  the  fresh-water  Turtles  with  a  movable 
sternum,1  was  limited,  in  1S25,  to  the  Box  Turtle,  Cistudo,  by  J.  K  Gray,*  while 
Bell  still  united  heterogeneous  species  under  that  name*  About  ten  years  later, 
Cat  lino  applied  the  name  Terrapene  exclusively  to  the  North  American  Emyds, 
and  very  properly  retained  the  name  Emys4  for  the  European  species,  to  which 
it  had  been  applied  from  the  time  of  the  first  dismemberment  of  the  old  Lin- 
naean  genus  Testudo.  The  genus  Cinosternum  was  from  the  beginning  circum- 
scribed within  natural  limits  by  Spix,5  and  maintained  within  the  same  limits  by 


lseomogr.,  vol.  2,  p.  238,  pi.  26,  27,  and  30,)  lias  the 
front  end  of  the  plnslron  widened,  as  in  Plnlysternum, 
while  the  posterior  end  is  pointed,  as  in  Chelydra.  In 
Chelydra  Deehenii,  Mgr.,  (Palavmtogr.,  p.  242,  pi  28, 
29,  30,  fig.  a  and  (i,)  the  case  is  exactly  reversed.  It 
is  thus  plain,  that,  while  at  the  time  of  their  first  ap- 
penrance  upon  earth  the  representatives  of  this  fam- 
ily were  not  constructed  exactly  as  thpy  now  are, 
they  yet  foreshadowed,  in  the  combination  of  their 
characters,  the  peculiarities  that  distinguish  the  living 
genera,  two  of  which  occur  in  North  America  und 
one  in  China,  though  none  are  found  where  the  type 
first  originated. 

1  Besides  two  species  of  Cinosternoiihi-,  (Terra- 
pene ttoscii  and  ndorata,  which  are  one  and  the  same 
S|>eries,  now  called  Oiotheca  odornta,  and  Terrapene 
|ienn«ylvanica  and  tricarinata,  which  are  also  identi- 
cal, and  belong  to  the  genus  Thyrostcrnum.)  the  genus 


Ternipcno,  as  limited  by  Mcrrcm,  (in  his  Testamen 
Sy sternal  is  Amphihiorum,  Marburgi,  1820,)  embraces 
a  genuine  StMBOthaTus,  Terrapene  nigricans,  mid  two 
Cistudos,  Terrapene  clausa  and  nmboinensis. 

1  Genera  of  Reptiles,  in  Ann.  of  PhiL,  vol.  10, 
p.  211. 

*  Monograph  of  the  Tortoises  having  a  movable 
sternum,  in  Zool.  Journ.,  vol.  2,  182.'»,  p.  299.  In 
this  paper  Ilell  still  unites  the  European  Emys  with 
the  North  American  Cistudo  as  one  genus,  under  the 
name  of  Terrapene. 

♦  Chelon.  Tab.  Anal.  1806.  In  1830,  Wagler 
had  already  retained  the  name  of  Emys  for  the  Eu- 
ro|»ean  species ;  but,  like  Hell,  he  still  associated  with 
it  the  Cistudo*,  which  were  at  hist  duly  distinguished 
by  Can  i  no. 

•  Bra,  (.T.  H.,)  Species  nova?  Testudinuin  et 
Ranarum,  Monachii,  1824,  4to. 
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Wagler,  Dume'ril  and  Bibron,  Fitzinger  and  others,  while  Gray1  unites  Cinostornura 
and  Staurotypus  as  one  genus.  The  genus  Sternothaerus,  on  the  contrary,  has 
undergone  many  successive  alterations.  When  first  distinguished  by  Bell,1  it  con- 
tained, besides  its  true  representatives,  a  species  also  that  belongs  to  a  different 
genus,  which  I  have  called  Ozotheca.8  Wagler  having  unfortunately  introduced 
another  name,  Pelusios,  for  Bell's  Sternotha'rus,  the  latter  was  inappropriately 
limited  by  Fitzinger  to  Terrapene  odorata,  whilst  Dume'ril  and  Bibron*  referred 
this  species  to  Wagler's  genus  Staurotypus*  which  ought,  however,  to  embrace 
only  its  original  type,  the  St  triporcatus.  All  the  Cinostemoida)  are  American.9 
The  assumption  that  the  movability  of  the  sternum7  indicates  a  close  affinity 
among  these  Turtles  has,  to  this  day,  prevented  hcrpctologists  from  perceiving  the 
family  characters  which  distinguish  the  true  Cinostemoida)  from  the  Emydoidte, 
and  likewise  separate  them  from  Sternothrerus,  as  shown  above  in  the  description 
of  these  families.8  Among  the  many  fossil  Testudinata  thus  far  described  there 
is  not  a  fragment  indicating  that  the  family  of  Cinostemoida?  has  existed  in  ear- 
lier periods.  This  is  the  more  surprising  as  its  nearest  relatives,  the  Chelydroids 
and  the  Emydoids,  are  well  known  to  have  existed  in  past  ages.  There  is, 
however,  a  peculiar  character  prevailing  in  the  family  of  Cinostemoida),  which  it 
is  difficult  to  express  with  precision,  but  which  may  yet  account  for  their  absence. 
Most  types  of  animals  and  plants,  when  making  their  first  appearance  upon  earth, 
are  either  marked  by  striking  peculiarities,  that  make  them  stand  out  boldly 
among  their  contemporaries  on  account  of  their  great  difference,  or  they  exhibit 
characteristics,  in  which  the  prominent  features  of  later  types  are  more  or  less 
blended  together.  Nothing  of  the  kind  exists  in  the  Cinosternoids.  On  the  con- 
trary, they  are,  as  it  were,  abortive  Testudinata,  —  dwarfish  in  size,  abrupt  and  quick 
in  their  feeble  movements,  seeming  young  when  full-grown ;  and  yet,  assuming  very 
early  the  characteristic  features  of  the  adult,  they  are  everywhere  in  the  country 
mistaken  for  young  Chelydroids.  In  all  the  species  of  which  I  had  an  oppor- 
tunity to  examine  numerous  specimens  I  noticed  marked  differences  between  the 
males  and  females,  consisting  chiefly  in  the  form  of  the  fronl  part  of  the  sliiel  1, 
in  the  length  of  the  tail,  and  in  the  scales  of  the  legs* 


1  Cat.  nrit.  Mus,  1834,  p.  34 

*  Zool.  Journ.,  vul.  2,  p.  305. 

•  Compare  p.  251. 

*  Erp.  gun.,  vol.  2,  p.  358. 

•  Wagleb,  Nat.  Syst.  d.  Amph.,  p.  137. 
'  Compare  p.  302. 

'  Compare  p.  346  and  418. 

»  See  p.  346.    Nothing  can  prove  more  directly 


the  importance  of  a  careful  discrimination  between 
family  and  generic  characters  than  the  change."  which 

•  The  difference  in  the  form  of  the  shield  consist* 
in  the  greater  width  of  ita  front  part  in  the  female. 
The  tail  of  the  male  is  much  longer  and  stronger  than 
taat  of  the  female.  There  in,  in  the  male,  a  patch  of 
rough  scales  in  the  bend  between  the  thigh  and  the  leg. 
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The  characteristic  peculiarities  of  the  eggs  of  the  Cinosternoidje  have  already 
been  mentioned  (p.  350).  Those  of  Thyrosternum  pennsylvanicum  are  represented 
PL  7,  fig.  1-6;  those  of  Ozotheca  odorata,  fig.  7-0. 

In  the  young  Ozotheca  odorata,  and  still  more  in  the  young  Thyrosternum  penn- 
sylvanicum, the  characteristic  features  and  forms  of  the  family  are  already  so 
fully  developed  during  the  first  year,  that  we  can  hardly  point  out  any  change 
in  their  forms,  from  young  to  adult.  This  holds  good,  not  only  for  the  general 
proportions  and  outlines  of  the  upper  and  lower  shield,  the  feet,  and  the  tail, 
but  also  for  the  scales.  In  the  adult  Emydoidro,  as  well  as  in  the  Cinoster- 
noida?,  the  median  scales  of  the  carapace  are  generally  narrower  than  the  costal 
ones.  This  is  already  fully  the  case  in  all  Cinostemoidaj,  at  the  time  of  hatch- 
ing; while  in  Emydoidn?  exactly  the  reverse  obtains.  (See  p.  203,  note  1,  for 
a  description  of  the  young  Chrysemys,  and  also  PI.  4  and  5.)  In  Thyrosternum, 
Platythyra  and  Ozotheca,  the  median  scales  of  the  back  arc,  from  the  first  year, 
not  broader  than  long;  while  in  Emyds  they  are  at  least  twice,  and  often  three 
times  as  broad  during  the  first  year  as  later  in  life.  This  peculiarity  no 
doubt  contributes  to  give  them  an  oldish  appearance  from  the  beginning.  There 
is  another  feature  which  makes  the  young  Cinosternoidas  look  old:  the  rounded 
margin  of  the  carapace  and  its  steep  curve  behind,  which  are  already  fully 
marked,  during  the  first  year,  in  Thyrosternum  and  Platythyra.  The  sharper 
margin  and  the  less  prominent  curve,  which  characterize  Ozotheca  in  contradis- 
tinction to  Cinosternon,  are  likewise  strongly  marked  in  the  young  Ozotheca, 
even  more  strongly  than  in  the  adult  Moreover,  the  tail  has  the  same  propor- 
tions from  the  first  year  to  adult,  age.  As  the  Cinosteruoidao  are  walking  Tur- 
tles, living  in  mud  like  the  Chelydroida\  they  do  not  need  a  long  and  high 
tail  as  a  rudder.  Notwithstanding  this  early  development  of  the  prominent  feat- 
ures of  these  Turtles,  we  have  to  point  out  one  interesting  change  in  the 
Ozothecoids.  When  young,  they  are  all  high  and  urinated  These  characters 
are  brought  out  most  fully  in  Goniochclys  trifpietra ;  while  Ozotheca  odorata, 
which,  when  young,  shows  the  same  height  and  the  same  keel  on  the  back, 
grows  more  and  more  flat  in  course  of  time. 

The  family  of  Cinosternoidas  is  composed  of  two  well  defined  groups.  In 
one,  the  true  Ciuostemoids,  the  plastron  is  large,  and  underlies  nearly  the  whole 
body;  the  bridges  which  connect  it  with  the  carapace  are  long,  and  the  first 
and  fourth  pairs  of  its  bony  plates  are  broad  and  rounded,  and  connected  with 
the  intermediate  pairs  by  very  flexible  hinges.  Thus  the  spaces  around  the  free 
edges  of  the  plastron  are  small,  and,  when  the  animal  withdraws  and  raises  the 
ends  of  the  plastron,  the  soft  parts  of  the  body  are  almost  entirely  protected. 
In  the  other  group,  the  Ozothecoids,  the  plastron  is  smaller;  the  bridges  are  shorter, 
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and  descend  less  below  the  carapace;  the  fourth  pair  of  bony  plates  is  nar- 
rower at  its  front  end,  and  narrows  continually  thence  backward,  its  sides  being 
straight,  and  not  curved  outward,  as  in  the  first  group;  and  the  sutures  of  the 
first  and  fourth  pairs,  with  the  second  and  third,  are  but  slightly  movable  in  the 
adult,  and  in  some  cases  not  at  all  so.  Thus  the  spaces  arouud  the  free  edges 
of  the  plastron  are  here  larger  than  in  the  first  group ;  and  besides,  the  protection 
from  the  shield  is  still  less  on  account  of  the  slight  movability  of  the  parts  of 
the  plastron  upon  one  another.  There  are,  besides,  certain  other  tendencies  that 
become  important  in  connection  with  their  constant  characters.  In  Cinosternoids 
the  tendency  is  to  a  more  regularly  arched  carapace;  in  Ozothecoids,  to  a  sharp 
ridge  along  the  back,  the  sides  spreading  wide  apart  downward,  so  that  the  body 
is  generally  broader  between  the  outer  edges,  but  less  deep  below  them,  than  in 
the  first  group.  The  scales  on  the  plastron  of  the  Cinosternoids  are  well  devel- 
oped and  well  defined,  and  cover  its  whole  surface;  but  in  the  Ozothecoids  they 
are  more  irregular,  and  often  separated  by  large,  scaleless  spaces  between  them; 
and  the  fourth  pair  of  bony  plates  reaches  forward  on  to  the  third  pair,  which 
is  never  the  case  in  the  Cinosternoids,  for  there  it  would  interfere  with  the  motion 
of  the  hinge.  The  scales  of  the  shield  differ  also ;  in  Ozothecoids  they  have 
a  marked  tendency  to  overlap  those  farther  back,  the  centre  of  growth  receding 
gradually  backward  of  the  centre  of  figure,  as  in  the  Chelonioids,  and  some  exhibit 
even  distinct  traces  of  imbrication.  In  both  groups  there  are  two  or  more  horny 
papilla?  under  the  chin.  The  principal  differences  between  these  groups  all  go 
to  bring  the  body  more  under  the  protection  of  the  shield  in  Cinosternoids  than 
in  Ozothecoids,  and  to  give  the  legs  freer  motion  in  the  latter  than  in  the  former. 
These  characters  are  easily  traced  to  corresponding  habits  of  these  animals;  for,  at 
least  as  far  as  we  are  acquainted  with  the  members  of  these  groups,  the  Cinoster- 
noids resort,  in  danger,  more  to  the  shield,  the  Ozothecoids,  to  flight;  the  former 
live  more  on  land,  the  latter  more  in  deep  water,  and  are  also  the  more  shy, 
and  the  quicker  in  their  motions.  These  characters,  thus  connected  with  the 
general  form,  and  impressing  upon  it  such  decided  tendencies,  are  clearly  sub- 
family characters,  and  the  groups  themselves  are  sub-families. 

Within  the  limits  of  each  of  these  sub-families  of  Cinosternoids,  minor  groups, 
containing  one  or  more  species,  may  be  distinguished,  that  differ  in  the  structure  of 
the  jaws  and  the  parts  dependent  upon  them,  in  the  way  of  taking  food,  and,  to 
some  extent,  in  the  kind  of  food  sought ;  in  short,  in  the  voluntary  organs  of 
nutrition,  and  the  parts  concerned  in  it  At  first  sight,  these  groups,  based  on 
one  set  of  organs,  may  seem  arbitrary;  but  if  it  is  remembered  to  what  extent 
the  acts  of  animals  are  directed  to  getting  food,  how  far  their  sensations  are 
gratified  by  this  act,  and  how  largely  their  instincts  are  concerned  in  it,  it  will 
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be  plain  that  the  characters  of  the  immediate  instruments  of  these  acta  are 
essential  characters,  and  that  any  peculiarities  and  identities  among  them  mast  he 
important  in  determining  their  natural  relations.  In  Turtles  the  jaws  and  the 
neighboring  porta  are  the  principal  organs  concerned  in  these  acta;  and  the  claws 
and  limbs,  which  generally  perform  so  large  a  part  in  the  movements  connected 
with  the  function  of  nutrition  in  some  of  the  higher  types,  have  here  little  or 
nothing  to  do  with  it  Moreover,  in  Turtles  the  structure  of  the  jaws  and  their 
muscles  determine,  to  a  great  extent,  the  structure  and  form  of  the  whole  head. 
About  the  jaws  and  head,  then,  are  we  to  look,  in  this  order,  for  the  structural 
characters  which  belong  to  the  voluntary  acts  relating  to  nutrition;  and  here,  and 
here  only,  do  we  find  the  distinguishing  characters  of  the  natural  groups  that  may 
be  distinguished  within  the  families  and  sub-families.  Months  of  research  in  the 
family  of  Cinosternoidie,  and  in  corresponding  groups  of  other  families,  hove  failed 
to  point  out  any  other  organs  as  hearing  distinctions  and  characters  for  these 
groups.  Indeed,  leaving  out  specific  characters,  it  is  impossible  to  identify  any 
other  part  of  the  body  of  these  animals,  when  examined  isolatedly,  as  belonging 
to  one  or  the  other  of  these  groups.1  It  thus  appears  that  there  are,  among 
Turtles,  natural  groups  founded  upon  the  organs  with  which  these  animals  take 
their  food,  and  upon  them  only.     These  groups,  unquestionably,  are  genera. 

In  preceding  families  I  have  not  hesitated  to  insist  at  once  upon  the  generic 
value  of  similar  characters,  trusting  that  the  similarity  in  the  range  assigned 
to  the  genera  which  I  was  led  to  adopt  upon  such  a  foundation,  with  other  gen- 
era already  acknowledged  as  such,  would  not  fail  to  convey  the  same  conviction 
to  the  minds  of  other  naturalists.  But,  the  Cinosternoidaj  are  to  this  day  so  imper- 
fectly known,  the  genera  proposed  by  the  ablest  herpetologista  are  still  so  unsatis- 
factorily characterized,  and,  above  all,  the  opinion  expressed  by  Schlegel  and  Tem- 
minck2  upon  these  Turtles  is  so  diametrically  opposed  to  the  results  to  which  I  have 
been  led,  that  I  felt  it  indispensable  to  show,  on  this  occasion,  in  what  way,  and 
by  what  evidence,  I  have  satisfied  myself,  step  by  step,  that  the  family  of  Cinos- 
tcmoida)  is  a  natural  family,  embracing  two  distinct  sub-fiimilies,11  each  of  which 


1  I  mean  to  say,  that  jtarts  of  the  body  of  a  Turtle 
found  M  |iarnled,  as  is  mostly  the  case  with  fossil  re- 
main*, cannot  be  referred  to  their  genus  with  cer- 
tainty, unless  the  jaws  be  among  them ;  or  unless  the 
part*  found  bear  specific  characters  that  occur  only  in 
well  known  genera.  This  result  is  of  the  utmost  im- 
portance to  Palaeontology,  and  may  explain  why 
Cuvier  did  not  attempt  to  determine  the  generic  char- 
acters, and  to  give  specific  names  to  many  of  the  fos- 


sils which  he  described.  It  may  also  serve  as  a  warn- 
ing to  those  paleontologists  who  never  hesitate  to 
distinguish  fossil  species  without  sufficient  preliminary 
comparisons  with  their  living  representatives,  and 

which  do  not  exhibit  the  first  specific  character. 

1  Fauna  japonic* :  Chclonii,  p.  59-62. 

•  Already  alluded  to,  (p.  250  and  251,)  when 
contrasting  Oiotheca  with  the  old  genus  Cinosternum. 
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numbers  several  genera,  and  that  its  representatives  are  not  all,  as  the  celebrated 
naturalists  of  Lcyden  believe,  varieties  of  only  two  species  of  the  genus  Emys. 
Of  the  groups  thus  distinguished  as  genera,  there  are  three  in  the  sub-family 
of  Cinosternoids  proper,  namely,  Cinosteruum,  Thyrosternum,  and  Platythyra ;  and 
three  in  the  sub-family  of  Ozothecoids,  namely,  Goniochelys,  Ozotheca,  and  Stau- 
rotypus.  The  colors  prevailing  in  all  these  Turtles  are  dark,  here  and  there 
enlivened  by  reddish  or  greenish  or  yellowish  tints. 

GENERA   OF  THE   SUB-FAMILY   OF  OZOTIIECOIP.fi. 

Besides  the  Mexican  genus  Staurotypus,  this  sub-family  embraces  two  genera 
that  have  representatives  within  the  limits  of  the  United  States. 

I.  Goniochelys,  Ag.  The  jaws  are  very  strong,  and  their  muscles  powerful.  The 
strength  of  the  upper  jaw  lies  in  the  thickness  of  the  bone ;  that  of  the  lower 
jaw  lies  both  in  the  thickness  of  the  bone  and  the  height  of  the  jaw  itself 
To  give  room  for  the  large  muscles,  the  head  is  very  broad  across  the  fossas 
temporales.  The  sides  of  the  head,  back  of  the  eye,  spread  wide  apart  down- 
ward ;  the  roof,  between  the  orbits,  is  broad,  but  still  they  spread  apart  down- 
ward, and  therefore  open  somewhat  upward.  The  sides  of  the  nose  curve  a  little 
outward  in  passing  down  from  the  top.  The  jaw,  under  the  eye,  is  very  thick ; 
its  outer  surface  curves  outward,  and  then  again  turns  sharply  inward  to  the  alve- 
olar edge  ;  under  the  sides  of  the  nose  that  surface  slants  also  far  inward  ; 
while  at  the  front  end  it  slants  backward,  but  not  so  much  as  it  docs  at  the 
sides.  At  the  symphysis  the  jaw  is  drawn  down  more  or  less,  and  often  consid- 
erably, to  a  point  or  a  chisel  edge.  The  horizontal  alveolar  surface  is  very  broad, 
leaving  but  a  small  space  within  its  angle.  The  lower  jaw  is  both  thick  and 
high ;  it  is  drawn  upward  at  the  symphysis  to  a  strong  point  ;  its  outer  surface 
slants  far  inward  from  the  alveolar  edge  at  the  sides,  and  backward  at  the  end. 
The  alveolar  surface,  as  in  the  upper  jaw,  is  very  broad,  and  leaves  but  little 
space  within  its  angle;  it  is  broadest  at  the  symphysis,  and  its  inner  edge  curves 
somewhat  inward  in  passing  back  to  the  hind  end.  It  is  nearly  flat  from  side 
to  side  just  before  the  angle,  but  has  a  ridge  descending  on  to  it  from  the 
angle.     The  scales  of  the  shield  have  a  marked  tendency  to  imbrication. 

GoNtocnELYS  TiuyiETRA,  Ag.  Thus  far  this  species  has  only  been  found  in  Lake 
Concordia,  in  Louisiana.  I  am  indebted  for  specimens  to  Prof.  Baird,  Mr.  B. 
Chase,  and  Prof.  Wailes.  Several  specimens  from  the  same  source  are  preserved 
in  the  Museum  of  the  Essex  Institute  in  Salem.  The  most  prominent  specific 
character  consists  in  the  very  sharp  and  high  keel  of  the  back,  and  the  flat  sides, 
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which  give  it  a  triangular  form,  in  a  front  view.  I  shall  describe  this  and  the 
other  new  species  more  fully  elsewhere,  and  give  accurate  figures  of  all  of  thein. 

Go.Mot'HKLva  minor,  Aff.  The  geographical  range  of  this  species  is  more  exten- 
sive than  that  of  the  preceding.  I  first  found  it  in  the  neighborhood  of  Mobile ; 
but  received  afterwards  other  specimens  from  Columbus,  Georgia,  through  the  kind- 
ness of  Dr.  Gessner.  Dr.  Benedict  also  has  sent  me  a  specimen  from  New  Orleans, 
and  Dr.  Nott  others  from  Mobile.  This  species  differs  from  the  preceding  by  its 
smaller  size,  and  more  distinctly  still  by  its  arched  sides,  and  the  low  keel  of 
the  back.  In  both  species  the  scales  are  edged  with  black,  and  black  lines  or 
dots  radiate  from  the  posterior  angle  of  the  scales  to  their  anterior  and  lower 
margins;  but  neither  of  them  exhibits  the  characteristic  stripes,  which  extend  from 
the  eyes  to  the  neck,  in  the  genuine  Ozothecas. 

II.  Ozotiieca,  Aff.  The  jaws  and  their  muscles  are  by  no  means  weak,  but  they 
are  not  as  strong  as  in  Gouiochelys.  The  alveolar  surfaces  are  not  as  broad, 
and  the  bones  of  the  jaws  not  as  thick,  as  in  that  genus,  nor  is  the  head  as  broad 
across  the  muscles  which  move  the  jaw.  The  sides  of  the  head  converge  almost 
constantly  from  the  ear  to  the  front  end ;  and  they  arch  pretty  regularly  from  above 
downward,  back  of  the  eye,  and  have  no  such  sharp  angles  as  there  are  in  Gonio- 
chelys.  The  outer  surface  of  the  jaw  slants  inward  almost  directly  from  the 
orbit,  and  does  not  curve  outward  as  far  as  in  Goniochclys,  if  at  all,  so  that  the 
bone  there  is  not  so  thick  as  it  is  in  this  genus.  About  the  front  end,  that 
surface  slants  backward  further  than  it  slants  inward  at  the  sides,  and  the  alve- 
olar edge  rises  there.  Thus  the  nose  projects  far  over  the  end  of  the  jaw ;  and 
this,  together  with  the  constant  approach  of  the  sides  of  the  head  forward,  makes 
the  head  very  pointed  in  front  The  jaw  is  never  drawn  down  at  the  symphy- 
sis to  a  point  of  any  size.  The  vertical  alveolar  surface  is  high  all  round, 
and  is  raised  up  somewhat  under  the  nose;  but  it  is  never,  either  here  or  in 
Goniochelys,  raised  so  high  as  in  Cinosternoidaj  proper.  The  horizontal  alveolar 
surface  is  not  nearly  as  broad  as  in  Goniochelys,  and  the  space  within  its  angle 
is  much  larger.  The  lower  jaw  is  not  as  thick  as  in  Goniochelys,  It  is  some- 
what drawn  outward  and  upward  at  the  front  end,  not  to  a  point,  but  to  a  curved 
end ;  its  outer  surface,  at  the  sides,  is  nearly  vertical ;  at  the  front  end  it  curves 
far  back,  and  this  retreating  part  grows  very  broad  downward.  These  latter  char- 
acteristics are  not  plain  till  the  animal  is  full-grown.  The  alveolar  surface  is 
not  as  broad  as  in  Goniochelys ;  and  it  widens  constantly  from  each  side  of  the 
symphysis  to  the  hind  end.  The  ridge,  spoken  of  as  descending  from  the  angle 
on  to  this  surface  in  Goniochelys,  exists  also  in  this  genus,  but  is  less  prominent, 
and  is  oRen  merely  a  rising  of  the  outer  edge.  The  alveolar  edges  of  both  jaws 
are  sharp,  and  the  jaws  are  in  every  way  well  fitted  for  cutting. 
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Ozotheca  ouo rata,  Ag?  This  is  the  most  common  species  of  the  sub-family. 
Its  geographical  range  is  very  extensive,  extending  from  New  England  to  South 
Carolina,  Georgia,  and  Western  Florida,  and  westward  to  the  Mississippi  valley,  as 
far  as  Missouri  and  Louisiana.  I  have  specimens  from  Mobile,  from  New  Orleans, 
from  Tennessee,  and  from  western  Missouri,  which  leave  no  doubt  upon  this  point, 
and  for  which  I  am  indebted  to  Dr.  Nott,  Dr.  Benedict,  aud  Professor  Baird.  The 
color  varies  greatly,  from  light  to  dark  brown,  with  or  without  spots.  Major 
LeConte  baa  described,  under  the  name  of  Ciiiosternum  guttatum,'  specimens  from 
Pennsylvania,  in  which  the  spots  are  unusually  numerous  and  distinct.  I  have 
satisfied  myself,  however,  by  a  careful  comparison  of  the  original  specimen  which 
Major  LeConte  had  the  kindness  to  intrust  to  me  for  examination,  and  of  man}- 
others  from  the  same  locality,  (Upper  Darby,  Pennsylvania,)  sent  me  by  Prof. 
Baird,  and  from  other  localities  by  Dr.  Hallowell,  that  this  is  a  mere  variety  of 
our  common  Ozotheca  odorata.  I  have  found  similar  specimens  in  Cambridge, 
among  others  that  varied  from  a  uniform  tint  to  a  more  or  less  dotted  surface. 
The  young  are  represented  PI.  4,  fig.  1-G;3  the  eggs,  PI.  7,  fig.  7-0. 

Ozotheca  tristvciia,  Ag.  This  species  is  only  found  in  the  Western  and  South- 
western States.  I  have  many  specimens,  collected  by  Mr.  G.  Stolley,  in  the 
Osage  River,  in  Missouri,  and  in  Williamson  County  in  Texas.  Prof.  Baird  has 
sent  me  four  young  belonging  to  the  Smithsonian  Institution,  that  were  obtained 
by  Dr.  C.  B.  Kennerly,  near  San  Antonio,  and  two  others  from  the  Medina  River, 
in  Texas.  The  young  are  represented  PI.  5,  fig.  20-22.  Although  Ozotheca  odo- 
rata varies  greatly,  not  only  in  color,  but  even  in  outline,  I  have  no  doubt  that 
this  is  a  distinct  species,  characterized,  when  young,  by  the  great  prominence  of 
the  keels  upon  the  vertebral  and  costal  plates4  and  by  numerous  dark  dots  between 
the  scales  of  the  sternum,  and  when  adult  by  a  marked  difference  in  the  form 
of  the  snout  In  Ozotheca  odorata  the  snout  is  much  more  prominent,  on  account 
of  the  slope  of  the  upper  jaw,  which  extends  further  back,  and  is  therefore  less 
steep,  than  in  Ozotheca  tristycha,  the  lower  jaw  of  which  is  broader  below  the 
symphysis  than  in  Ozotheca  odorata,  and  suddenly  turned  up. 


'  This  spoeies  La*  been  referred  to  so  many  gen- 
era that  it  appear*,  in  different  works,  under  morn 
name*  than  any  other  North  American  Turtle.  Its 
oldest  name  is  Testudo  odorata,  which  was  afterwards 
changed  to  Tcrrapene  odorata,  Cistudo  odorata,  Ster- 
nothscrus  odoratus,  Cinosternum  odorntum,  Emys 
odorata,  Staurolypua  odoratui.  Teatudo  glutinosa, 
Einys  glutino*a,  Terrapene  Boscii,  and  Sternothjerus 
Boscii  are  other  synonymous  name.*.    (Comp.  Holbr. 

54 


N.  Am.  Herp.  p.  133,  and  Dunieril  and  liibron.  Erp. 
gen.  vol.  2,  p.  358.) 

'  Proceed.  Acad.  Nat  Sc.,  Philai,  1854,  p.  185 
and  189. 

*  The  figure  of  a  young,  two  years  old,  shows 
how  the  scales  increase  only  along  the  anterior  and 
lateral  margin*,  thus  tending  to  give  them  an  imbri- 
cated appearance. 

«  Corap.  PI.  4,  fig.  1-G,  and  PI.  5,  fig.  20-22. 
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GENERA    OP   THE   BUS-FAMILY    OF   CINOSTKRNOID.E  PROPER. 

I.  Cisosterxum,  Spiz.  The  jaws  are  strong ;  their  horizontal  alveolar  surfaces  are 
broad,  and  they  seem  well  fitted  for  crushing ;  their  strength  comes  from  thick- 
ness, and  not  from  height  The  head  is  very  broad:  the  upper  maxillaries  spread 
wide  apart  backward ;  the  sides  of  the  head  continue  to  spread  back  of  them  till 
about  midway  between  the  eyes  and  ears  ;  and  thence  backward  they  approach 
each  other.  They  also  spread  rapidly  apart  from  above  downward,  just  back  of 
the  eyes.  The  front  part  of  the  head  over  the  mouth  is  low ;  its  roof  between  the 
eyes  is  broad;  and  the  eye-orbits  open  sidewise  and  forward,  not  upward.  The  nose 
is  short;  its  sides  curve  out  somewhat  from  above  downward,  and  its  roof  reaches 
as  far  forward  as  the  jaw  under  it  The  mouth  is  very  short,  and,  as  the  upper 
maxillaries  spread  so  wide  apart  backward,  it  is  very  broad  behind.  The  outer 
surface  of  the  maxillaries  curves  outward  under  the  eye,  and  then  tunis  sharply 
inward  to  the  alveolar  edge ;  but  at  the  symphysis  the  jaw  is  drawn  down  to 
a  sharp  point  or  a  short  chisel-edge,  and  the  outer  surface  at  the  end  slants 
backward  less  than  it  slants  inward  at  the  sides.  The  horizontal  alveolar  surface 
is  very  broad,  narrowest  at  and  near  the  symphysis,  and  widening  fast  thence 
backward  to  the  hind  end.  The  lower  jaw  is  low,  but  its  outer  surface  curves 
far  backward  from  the  end  and  inward  from  the  sides,  and  its  alveolar  surface 
is  broad ;  thus  it  is  thick  and  strong.  The  alveolar  edge  is  bluntly  rounded  at 
the  front  end,  and  not  drawn  out  to  a  sharp  point  The  alveolar  surface  is 
narrowest  at  the  symphysis  and  on  either  side  of  it  but  widens  fa*t  thence 
backward,  and  is  broadest  at  the  hind  end  ;  at  and  near  the  angle  it  is  almost 
flat  from  side  to  side,  but  its  outer  edge  rises  considerably  about  the  front  end. 
The  outer  surface  of  the  jaw  curves  outward  considerably  below  the  alveolar  edge, 
thus  making  the  jaws  shut  the  closer. 

No  species  of  this  genus  are  known  to  occur  within  the  limits  of  the  United 
States  ;  but  there  are  several  in  Central  and  South  America,  which  have  gener- 
ally been  confounded  with  the  Testudo  scorpioides  of  Linnams.  Major  LeConte 
was  the  first  to  distinguish  them  carefully.1    It  Is  true  the  species  from  the  Brazils 


1  Dumcfil  and  Tlibron,  (Erp.  gen.  2  vol.  p.  32.) 
as  well  as  Gray,  (Cat.  Brit.  Mm.  1814,  p.  32.)  ugrec 
in  considering  Hell's  Cinosternum  slinviniuirn,  and 
Spix's  Cinosternum  longicaudatum  and  brevieauila- 
tum,  as  synonymic  of  TcMudo  scorpioides,  Lin. ; 
but  Major  LeConte,  in  hi*  interesting  monograph  of 


the  genus  Cinosternum,  (Proc.  Acad.  Nat.  Sc.  1'hiL 
1854,  p.  180.)  lias  elearly  shown  that  the  llraiilian 
specimens  constitute  n  distinct  species  from  that  of 
Surinam,  which  is  the  old  Liniiiran  species,  and  that 
the  Mexican  is  still  different.  I  have  myself  exam- 
ined the  snecimens  unon  which  bis  descriptions  arc 
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was  first  described  by  Spix,  but  under  two  distinct  names.  As  I  have  possessed 
for  a  long  time  several  living  specimens  of  the  species  found  in  Mexico,  and  of  that 
of  Surinam,  sent  me  by  Prof.  Baird  and  Mr.  C.  J.  Hering,  and  compared  specimens 
of  the  third,  I  can  vouch  for  the  accuracy  of  the  distinctions  traced  by  M.  LeConte. 

II.  Thtboster>tm,  Ag.  The  jaws  are  strong,  and  well  fitted  for  cutting,  but  not 
for  crushing.  The  head  is  not  us  broad  as  in  Cinosternum ;  it  arches  back  of 
the  eyes,  but  is  not  as  wide  spread  as  in  Cinosternum,  and  its  sides  between 
the  eyes  and  ears  are  gently  curved  outward,  and  have  no  such  sharp  angle  as 
in  that  genus;  it  is  high  over  the  mouth,  and  its  roof  there  is  broad  between 
the  eyes,  so  that  the  orbits  open  sidewisc  and  forward,  not  upward.  The  nose 
is  long  and  high ;  its  roof  reaches  as  far  forward  as  the  jaw  reaches  under  it,  and 
its  sides  approach  each  other  downward  very  fast  The  mouth  is  long  and  narrow  ; 
the  outer  surface  of  the  jaws  curves  outward  under  the  eye,  and  then  again  turns 
sharply  in  to  the  alveolar  edge;  and  further  forward  also,  under  the  sides  of  the 
nose,  it  curves  far  inward,  but  at  the  symphysis  the  jaw  Is  drawn  down  to  a 
short  chisel-edge,  and  its  front  surface  slants  back  but  little.  The  vertical  alve- 
olar surface  is  high  all  round,  but  especially  so  at  the  front  end,  where  it  projects 
downward,  and  where  also  it  is  often  raised  high  up  under  the  nose.  The  horizontal 
alveolar  surface  is  broad  at  the  symphysis,  and  narrowest  on  each  side  of  it,  and 
widens  thence  backward;  but  it  is  not  nearly  as  broad  as  in  Cinosternum.  The 
lower  jaw  is  strong.  It  gets  its  strength,  not  by  its  thickness,  as  in  Cinosternum, 
but  by  its  height  It  is  very  high  all  round  ;  sometimes  it  is  drawn  far  up  at 
the  symphysis  to  a  long,  slender  point  The  outer  surface  at  the  sides  is  nearly 
vertical  for  some  distance  below  the  edge.  The  alveolar  surface  of  the  lower 
jaw  is  much  narrower  than  in  Cinosternum,  except  at  the  symphysis,  where  it  is 
nearly  vertical  ;  near  the  angle  it  is  almost  horizontal,  but  its  outer  edge  rises 
somewhat     The  cutting  edges  of  this  jaw  pass  close  within  those  of  the  upper 


baaed,  and  agree  with  him  as  to  the  validity  of  these 
specie*.  I  have  only  a  few  objections  to  his  nomen- 
clature. Hi-  Cin.  mexicanura  is  identical  with  Bell's 
Cin.  shavianum.  Bell'it description  (Zool.  Journ.  vol.  2, 
p.  302)  i»  based  upon  the  identical  ispecimen  figured  by 
Shaw,  from  the  Levcrian  Museum,  and  agree*  in  every 
respect  with  those  described  by  Muj.  LeConte,  who 
indeed  refers  to  the  Mime  figure  of  Shaw,  also  quoted 
by  Bell.  (Shaw,  Gen.  Zool.  vol.  8,  p.  61,  pi.  15,  erro- 
neously referred  to  Staurotypus  triporcatus  by  Wagler.) 
The 'name  Cin.  mcxicanum,  therefore,  must  be  given 
up.  As  to  Cin.  longicaudatum  and  brevicaudatum,  I 
disagree  with  LeConte  in  one  respect,  — he  consider* 


the  two  species  of  Spix  as  distinct ;  I  believe,  with 
Wagler,  (Syst.  Amph.  p.  137.)  that  they  are  the  male 
and  female  of  the  tame  specie*.    Cinosternum  crucn- 
tatum  (Dum.  and  Bibr.,  Arch.  Mus.  1852,  vol.  6,  p. 
238,  pi.  16)  belongs  also  to  this  genus  ;  but,  as  I  had 
no  opportunity  of  comparing  it  with  the  three  others, 
I  am  unable  to  say  whether  it  is  a  distinct  species  ur 
not.    We  have  thus  at  least  three  distinct  species  of 
Cinosternum  proper:  Cin.  scorpioides,  Wuyl.,  (Tes- 
tudo  scorpioides,  Lin*,)  Cin.  shavianum,  Hell,  (Cin. 
mcxicanum,  LeCJ  and  On.  longicaudatum,  Spix, 
(including  his  brevicaudatum,)  and  perhaps  a  fourth, 
Cin.  crucntatura,  Dum.  and  Bibr. 
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one  as  the  jaws  shut  These  edges  are  sharp  in  both  jaws.  Fish  and  Coleopte- 
rous insects  were  found  in  the  intestines  of  two  specimens  examined  immediately 
after  their  capture ;  the  Fish  in  the  one,  and  the  insects  in  the  other.  The  spe- 
cies of  this  genus  have,  to  this  day,  been  associated  with  the  genuine  Cinoster- 
nums  of  Central  and  South  America  ;  but  the  characters  indicated  above  show 
them  to  differ  geuerically. 

I  know  three  species  of  this  genus,  one  of  which  has  long  been  known  under 
the  name  of  Testudo  pcnnsylvanica  ;  the  others  were  first  described  by  Wagler, 
Gray,  Dume*ril  and  Bibron,  and  Major  LcContc,  under  the  names  of  Cin.  hirtipes, 
Wag/.,1  Cin.  oblongum,  Gray?  Cin.  Doubledayii,  Gray?  Cin.  leucostomum,  Dum.  and 
Bihr*  Cin.  integrum,  LeC*  and  Cin.  sonoriense,  LcC.  ;s  but  these  species  are  by  no 
means  all  distinct 

TiiviiosTKKMM  i'exxsvlvamcum,  Ay.9  The  young  arc  represented  PI.  4,  fig.  7-12, 
and  PI.  5,  fig.  16  and  17  ;  and  the  eggs,  PI.  7.  fig.  1-6,  under  the  name  of 
Cinosternum  pennsylvanicuni.  Cinostemum  oblongum  Gray  is  only  a  male,  and 
not  a  distinct  species.  Dr.  Xott  has  sent  mc  a  specimen  with  a  double  row  of 
median  scales  along  the  back.  This  is  the  only  instance  of  an  anomaly  I  have  seen 
in  the  scales  of  any  Cinosteruoid.  The  geographical  range  of  this  species  is  very 
extensive.  It  occurs  from  Pennsylvania  to  Florida,  and  westward  to  the  Missis- 
sippi valley.  I  am  obliged  to  Dr.  Nott  for  specimens  from  Pensacola  and  Mobile, 
and  for  others  to  Mr.  Albert  Stein,  from  the  last  locality.  Dr.  Benedict  and  Mr. 
T.  C.  Copes  have  aent  me  large  numbers  from  the  neighborhood  of  New  Orleans. 

Thyrosterxim  soxoriexse,  Ay.  The  young  are  represented  PI.  G,  fig.  8-11,  under 
the  name  of  Cinosternum  Bonoriense,  LcC.  This  species  has  thus  far  only  been 
found  in  Mexico,  but  so  near  upon  the  borders  of  the  United  States  that  it 
deserves  to  be  noticed  here.  Tucson,  in  Sonoro,  is  the  locality  whence  Dr.  J. 
LcConte  obtained  the  specimen  described  by  his  father.6  Others  from  the  same 
locality,  and  from  Guadalupe  CaHon,  also  in  Sonora,  are  in  the  possession  of 
the  Smithsonian  Institution. 


*  Sy»t.  Amph.,  p.  137,  tab.  5,  fig.  29  and  30 ; 
Dcsrr.  et  Irenes,  pi.  30. 

•  Cat  Brit.  Mus.,  p.  83. 

•  Arch.  Mus.,  18j2,  vol.  C,  p.  239,  pi.  17. 

•  Proc.  Acad.  Not.  Sc.,  Phil.  1854,  p.  1*3. 

*  Ibid.  p.  181. 

*  This  is  the  Cinosternum  pennsylvanicum  of  mod- 
ern millions,  (eomp.  Dum.  and  Hibr.,  Erp.  gen.,  vol. 
2.  p.  3C7,  and  Ilolbrook,  N.  Am.  Herp.  p.  3C7.)  called 
aL..  Terrapcne  pcnnsylvanica,  Cistudo  pcnnsylvanica, 


Emys  pcnnsylvanica,  and  Tesludo  submfa.  I  have 
not  the  slightest  doubt  that  the  TcMudo  trirarinata, 
Jielz,  in  SchiipfTs  Hist.  Test.,  (Uaudin's  Testudo 
Itctzii.)  which  is  generally  referred  to  Cinosternum 
scorpioides  on  account  of  the  dorsal  keels,  is  the 
young  of  this  HUM  species.  A  con>|iari.>on  of  my 
figures  (pi.  4,  flg.  7-9)  with  Schopff"*  pi.  2,  tig.  1-3 
will  satisfy  the  most  skeptical.  SchopfT s  figures  rep- 
resent a  specimen  two  years  old ;  mine  were  recently 
batched. 
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Thyrostekntm  iktkorcm,  Ag.  LeConte's  Cinosternum  integrum  from  Mexico  (Proc. 
Acad.  Nat  Sc.  Phil,  1854,  p.  183).  This  species  resembles  Wagler's  Cinosternum 
hirtipes,  which  belongs  also  to  this  genus.  Wagler's  species  is  founded  upon  a 
single  male,  preserved  in  the  Museum  of  Munich,  LeConte's  upon  a  single  female 
in  his  possession.  I  have  examined  both.  The  rough  scales  in  the  knee  joint  of 
the  hind  legs  of  Th.  hirtipes  are  a  sexual  character,  found  in  all  the  male  Cinos- 
ternoids,  and  do  not  by  any  means  constitute  a  specific  distinction.  The  differ- 
ence in  the  outline  of  the  front  margin  of  the  carapace  and  the  absence  of  an 
odd  marginal  scale  in  Cinosternum  hirtipes  may  prove  specific,  though  a  tendency 
to  such  differences  is  already  noticeable  among  the  males  and  females  of  Th.  penn- 
sylvanicum.  I  have  not  seen  Cin.  Doubledayii,  Gray;  but  1  doubt  its  specific  differ- 
ence from  C.  pcnnsylvanicum,  as  well  as  its  Californian  origin.  Nor  have  I  seen  Cin. 
leucostomum,  Dum.  and  Bibr.;  but  I  have  often  noticed  specimens  of  Cin.  pcnnsyl- 
vauicum  with  a  white  jaw,  especially  among  the  females,  and  Dumtfril  and  Bibron's 
species  is  founded  upon  a  female. 

TIL  Platythyka,  Ag.  The  jaws  are  very  weak  ;  the  mouth  is  broad  and  short 
The  head  is  long  and  low ;  it  is  regularly  arched,  back  of  the  eyes  ;  its  sides 
curve  slightly  between  the  eyes  and  ears;  its  roof  is  very  narrow  between  the 
eyes  and,  as  the  mouth  below  is  broad,  the  eye-orbits  are  carried  far  outward 
at  their  lower  edges,  and  therefore  open  upward  as  well  as  forward  and  side- 
wise.  The  skull  docs  not  rise  back  of  the  orbits ;  indeed,  the  orbits  project  above 
it  at  their  upper  edges.  The  nose  is  short,  much  shorter  than  in  Cinosternum ; 
its  outer  surface  curves  all  round  it,  so  that,  when  the  fleshy  parts  are  preserved, 
it  is  rounded  and  pointed  ;  its  bony  roof  does  not  project  forward  as  far  as  the  jaw 
projects  under  it  The  outer  surface  of  the  jaw  slants  inward  under  the  eyes,  curv- 
ing out,  above  the  alveolar  edge,  very  little  if  at  all ;  at  the  front  end  it  slants 
backward  faster  than  it  slants  inward  at  the  sides,  and  the  alveolar  edge  rises  there ; 
but  just  at  the  symph\'sis  the  jaw  is  brought  down  to  a  small,  short  point  The 
upper  maxillaries  are  narrow  from  above  downward,  and  weak.  The  vertical  alve- 
olar surface  is  not  as  high  as  in  Thyrostemum ;  the  horizontal  alveolar  sur- 
face is  broad,  but  the  bone  under  it  is  thin.  The  lower  jaw  is  also  weak,  being 
very  thin,  especially  about  the  symphysis,  and  not  high,  as  in  Thyrostemum. 
It  is  drawn  out  at  the  symphysis  to  a  slender  point  The  alveolar  surface  is 
narrow  all  round ;  in  front  it  is  nearly  vertical,  and  it  flattens  toward  the  angle, 
but  near  the  angle  the  outer  edge  Is  raised  somewhat  more  than  in  the  other 
genera.  The  outer  surface  of  the  sides  curves  considerably  outward  for  a  short 
distance  below  the  edge  near  the  angle,  and  the  jaws  shut  close.  These  jaws 
are  clearly  not  fitted  to  tear  any  strong,  fibrous  substance ;  the  only  food  found 
in  the  intestines  of  a  specimen  examined  with  that  view  was  a  mass  of  insects. 
The  type  of  this  genus  is  altogether  new  to  science. 
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Platythyra  flavescens,  Ag.  I  have  examined  several  specimens  of  this  species, 
sent  to  me  by  tbc  Smitbsoninn  Institution.  Some  of  them  were  obtained  hi 
Texas,  near  San  Antonio,  and  upon  the  Lower  Rio  Grande;  others  on  the  Red 
River,  Arkansas;  and  others  at  Camp  Yuma,  on  the  Gila  River,  by  Dr.  R.  0. 
Abbott  It  is  of  a  yellowish  green  color;  the  scales  are  imbricated,  and  edged 
with  black.     The  young  arc  represented  PI.  5,  fig.  12-15. 


SECTION  VIII. 

THE  GENERA  OF  EMYDOID-E. 

From  want  of  sufficient  materials,  I  cannot  attempt  to  characterize  all  the 
genera  of  this  numerous  family,  and  shall  have  to  limit  myself  to  the  North 
American  types.  Fortunately  these  are  numerous  enough  to  enable  me  to  show 
upon  what  features  the  genera  are  founded ;  even  though  I  do  not  intend  to 
enter  here  into  such  minute  details  of  their  characteristics  as  1  have  presented 
for  the  genera  of  the  preceding  families,1  excepting  where  this  becomes  necessary 
to  establish  the  validity  of  the  new  genera  which  I  have  recognized.  The  Che- 
lydroids  and  Cinosternoids  being  excluded  from  the  Emydoids,  this  family  appears 
here  circumscribed  within  narrower  limits  than  those  assigned  to  it  by  previous 
writers.  All  its  American  representatives  are  included  by  most  modern  herpe- 
tologists  in  two  genera,  Emys  and  Cistudo,1  to  which  J.  E.  Gray  has  added  the 
genus  Malaclemys,  and  two  sub-genera,  Chrysemys  and  Lutremys.8  They  all  lay 
oblong  eggs,  and  the  young  when  hatched  are  circular  in  outline  in  all  of  them ;  * 
but,  even  at  that  time,  they  vary  in  various  ways  in  different  genera  and 
sul>foniilie&  The  differences  between  the  males  and  females  are  not  so  constant 
as  in  some  other  families.  It  is,  however,  generally  the  case  that  the  males  are 
flatter  and  more  elongated.  It  will  not  be  possible  to  determine  accurately  the 
period  of  the   first   appearance  of  this   family  in  past  geological   ages,  until  the 


1  My  object,  in  this  second  part  of  my  work,  is 
chiefly  to  show  in  what  manner  the  principles  advo- 
cated in  the  first  part  may  be  applied  in  illustrating 
any  special  group  of  animals.  Having  done  this  in 
the  preceding  sections  as  far  as  I  am  prepared  to  do 
it  now,  it  would  be  superfluous  to  extend  farther  this 
analysis  of  the  Tcstudinata.  Moreover,  the  genera 
of  Emyiloidre  are  too  numerous  to  allow  this  to  be 


done  satisfactorily,  without  enlarging  too  much  the 
bulk  of  this  volume.  As  to  the  species,  I  have  lim- 
ited myself  to  mere  hints,  because  I  intend  to  give 
elsewhere  full  descriptions  with  figures  of  the  new 
ones. 

•  Compare  p.  251  and  252. 

•  Cat.  Brit.  Mus„  1844,  p.  27,  28,  31. 

•  See  p.  232  and  386. 
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remains  of  this  order  have  been  compared  anew  to  ascertain  which  are  genuine 
Emydoids,  and  which  Hydraspides.  The  modifications  noticed  in  the  form  have 
suggested  their  subdivision  into  several  tribes  or  sub-families.     (Compare  p.  355.) 

UKNERA   OP  THE   SUB-FAMILY   OF  NECTEMYDOUJ.E. 

I.  Ptychemys,  A<j.  Horizontal  alveolar  surface  of  the  upper  as  well  as  the 
lower  jaw  very  broad,  and  divided  by  a  ridge,  the  crest  of  which  is  tubcrculatc, 
and  parallel  to  the  cutting  edge  of  the  jaws.  This  edge  is  cither  smooth  or 
serrate.  The  front  of  the  alveolar  margin  of  the  upper  jaw  is  either  emargi- 
nated  or  more  or  less  deeply  notched,  with  or  without  a  projecting  tooth  on 
either  side  (PL  27,  fig.  5).  Lower  jaw  very  flat,  with  a  hook  or  sharp  point  in 
front,  behind  which  a  keel  extends  along  the  symphysis,  on  each  side  of  which 
there  is  a  deep  pit;  alveolar  surface  spreading  inward  beyond  the  vertical  branches 
of  the  jaw.  Horny  sheath  of  the  lower  jaw  rough  externally.  A  row  of  large 
scales,  in  the  shape  of  a  fold,  along  the  outer  edge  of  the  forefeet  (PI.  27,  fig. 
1-3).  Tessellation  of  the  epidermis,  amounting  to  scales  upon  the  neck,  but  not 
upon  the  loose  skin  between  the  legs.  The  clawless  fifth  toe  of  the  hind  foot 
forms  an  angular  projection  on  the  posterior  edge  of  the  foot  (PI.  27,  fig.  1-3). 
The  color  varies  greatly  with  age,  and  even  in  different  specimens  of  the  same 
age.  When  young,  the  whole  surface  has  more  or  less  confluent  ocellated  and 
crescent  or  lozenge-shaped  figures,  which  become  more  transverse  afterwards,  and 
may  be  resolved  into  simple  blotches  in  old  age.  The  claws  also  vary  greatly 
in  length  and  strength;  sometimes,  especially  in  half  grown  specimens,  those  of 
the  three  middle  toes  exceed  the  length  of  the  whole  foot  In  the  young,  the 
median  row  of  scales  forms  a  blunt  keel  along  the  back,  which  fades  entirely  in 
the  adult  The  scales  are  at  first  smooth,  or  rather  finely  granulated ;  afterwards 
radiating  rugosities  appear  upon  their  periphery,  while  in  old  age1  they  are  lon- 
gitudinally rugose. 

Ptyciiemys  rcgosa,  Ag?     Its  most  prominent  specific  character  consists  in  the 


1  ThU  shows  bow  unsatisfactory  specific  charac- 
ters must  be  which  arc  derived  from  the  direction,  or 
even  the  presence,  of  these  rugosities. 

*  This  species  is  well  known  to  the  American 
naturalists,  under  the  name  of  Emys  rubriventris, 
(Ilolbrook,  N.  Amer.  Herp.,  vol.  1,  p.  55,  pi.  6,) 
first  applied  to  it  by  Mnjor  LeConte  ;  but,  as  this  able 
observer  has  himself  acknowledged,  (Proc.  Ac.  Nat. 


Sc.  PhiL,  1854,  p.  189,)  it  bad  been  described  before, 
by  Shaw,  as  Testudo  rugosa.  Merrcm  and  Schlegel 
consider  it  as  a  variety  of  Emys  sernita,  while  Say 
and  Harlan  have  actually  confounded  it  with  Emys 
scrrata,  from  which  it  differs,  even  generieally.  Gray 
also  describes  it  as  Emys  serrata,  (Emys  irrigata. 
Bell).  Emys  rivulata,  Gray,  is  not  specifically  dis- 
tinct.   Duraeril  and  Ribron  describe  it  under  three 
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more  elongated  form  of  the  adult,  the  greater  plainness  of  the  color  of  the  back, 
the  strong,  coarse  serratures  of  the  upper  and  lower  jaw,  and  the  prominent  hooks 
on  both  sides  of  the  median  notch  of  the  upper  jaw.  The  geographical  range  of 
this  species  is  very  limited;  it  extends  only  from  New  Jersey  to  Virginia.  I  have 
received  a  large  number  of  specimens  of  all  ages  from  Washington,  through  the 
kindness  of  Professor  Baird.  A  scries  of  them  are  represented  on  PL  2G  and 
27,  with  the  view  of  showing  what  is  the  range  of  variations  in  some  species 
of  this  family.  These  plates  tell  their  own  story.  The  yellow,  hieroglyphic 
ocelli  and  curved  lines  extending  upon  a  gray  ground  over  the  whole  surface 
of  the  shield  (PL  26,  fig.  1-4)  gradually  pass  (fig.  5)  into  a  system  of  more 
parallel  lines,  (fig.  C,  9,  10,  and  11,)  transverse  upon  the  costal  scales,  (fig.  6 
and  10,)  more  longitudinal  upon  the  median  scales,  (fig.  9  and  11,)  and  ocellated 
upon  the  marginal  scales,  and  the  yellow  bauds  deepen  gradually  to  orange,  (fig. 
9  and  10,)  the  ground  being  more  greenish  (fig.  0)  or  deeper  brown  (fig.  5); 
or  the  lineated  appearance  vanishes  entirely,  and  the  surface  becomes  mottled 
(fig.  7).  The  sternum  is  at  first  yellow,  with  black  blotches  (fig.  4);  but  grad- 
ually becomes  reddish,  (fig.  8,)  and  even  deep  red,  without  a  spot  In  Uie  adult, 
the  mottled  appearance  of  the  shield  prevails,  and  only  faint  traces  of  the  trans- 
verse bands  remain,  (PL  27,  fig.  1,)  the  general  color  being  eitber  gray  mottled 
with  red,  or  deep  red  mottled  with  black.  Occasionally  the  whole  surface  is  dark, 
and  only  slightly  mottled  or  faintly  banded  with  brownish  red.  It  woidd  have 
taken  two  or  three  more  plates  to  represent  all  the  variations  of  color  I  have 
observed.1     I  have  only  seen  immature  eggs  of  this  species. 

Ptyciikmys  coxcixna,  Ag?  This  species  occurs  from  the  southern  parts  of  North 
Carolina,  through  all  the  southern  States  as  far  as  western  Louisiana,  and  up  the 
Mississippi  valley  as  far  as  Arkansas.  I  have  received  a  large  number  of  speci- 
mens, through  the  kindness  of  Dr.  W.  B.  Daniell,  from  Savannah ;  of  N.  A.  Pratt,  Jr., 
from  Roswell,  Georgia ;  of  Dr.  R.  W.  Jeffries,  from  Pensacola,  Florida ;  of  Dr.  Hol- 
brook,  and  Dr.  Nott,  from  Mobile ;  of  Professor  Chilton,  from  New  Orleans ;  of  Mr. 
W.  Sargent,  from  Natchez;  of  Professor  Wailes,  and  Dr.  L.  Harper,  from  other 


different  name*,  as  Entys  rugosa,  Emys  irrigata,  and 
Emys  nibriventru  (Erp.  gencr.,  vol  2,  p.  284,  27C, 
and  281). 

1  ThU  shows  plainly  liiat  there  are  genera  among 
our  Emydoids  in  which  neither  the  tint  nor  the  pat- 
turn  of  coloration  afford*  any  specific  characters. 

*  Few  species  of  American  Emyds  have  been 
more  extensively  mistaken  than  this.  It  was  first 
described,  in  1820,  by  Major  LeConte,  as  Testudo 


concinna  (Emys  concinna,  Dum.  and  Tft&r. ;  Ilolbr. 
N.  Am.  Herp.,  vol.  i.,  p.  119,  pi.  19) ;  but  at  the  same 
time  he  gave  another  name,  Testudo  floridana,  (Emys 
floridana,  //art.  ;  Ilolbr.  X.  Am.  Herp.,  vol.  i.,  p.  65, 
pL  8,)  to  large  specimens  observed  by  him  in  Florida. 
Besides  adopting  these  two  species,  Gray  described  it 
also  under  the  name  of  Emys  oraata,  and  the  young 
under  that  of  Emys  annulifera.  Cat.  Brit.  Mus  p- 
22  and  27. 
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localities  in  Mississippi  ;  of  Mr.  G.  Stolley,  from  Arkansas  and  Texas.  Professor 
Baird  has  sent  specimens  to  me,  collected  by  Dr.  Hoy  in  south-western  Missouri,  and 
others  from  Turboro',  North  Carolina.  It  is  considered  everywhere  at  the  South 
as  the  most  delicious  kind  of  Terrapene.  The  young  are  represented  PI.  1. 
fig.  13,  and  PI.  2,  fig.  4-6  ;»  the  eggs  (PI.  7a,  fig.  20-23)  vary  much  more 
in  size  and  form  than  those  of  any  other  species  in  the  family.  This  is  also 
the  case  with  the  adults,  which,  as  far  as  the  form  is  concerned,  vary  much 
more  than  Ptychemys  rugosa,  though  the  range  of  variations  in  the  colors  is  less. 
Some  are  very  elongated,  and  narrower  in  front  and  behind  than  across  the 
middle;*  others  are  broad,  and  evenly  rounded  at  both  ends.3  Some  are  flat;  others  . 
very  high,  especially  behind  the  shoulders;4  and  some  have  a  very  blunt  head,  while 
in  others  the  snout  is  more  prominent.  Before  1  knew  that  the  blunt  form  of 
the  head  was  an  embryonic  feature  which  is  sometimes  preserved  to  advanced 
age,  I  had  distinguished  such  specimens  under  the  name  of  Ptychemys  Hoyi. 
The  most  prominent  character  of  the  species  consists  in  the  comparative  smooth- 
ness of  the  upper  jaw,  and  the  slight  emargination  of  its  edge,  which  is  rather 
arched  than  notched ;  the  lower  jaw,  however,  is  distinctly  serrated,  though  less 
evenly  than  in  Ptychemys  rugosa  and  mobilieusis,  and  provided  with  a  smaller 
and  less  prominent  hook. 

Ptvciikmvs  MOBii.iK.Nsis,  A<j.h  It  is  easily  distinguished  from  the  other  species 
of  the  genus  by  the  great  height  of  the  anterior  part  of  the  back,  and  still 
more  by  the  serrature  of  both  jaws;  the  lower,  however,  Is  more  strongly  and 
more  coarsely  serrated  than  the  upper,  which  is  deeply  notched  in  the  centre, 
with  a  prominent  tooth  on  each  side ;  there  is  a  marked  hook  in  the  lower  jaw.  Its 
geographical  range  is  believed  to  be  rather  limited.  It  is  said  not  to  be  found 
west  of  Mobile  Bay,  where  it  is  common,  and  to  abound  in  Pensacola.  I 
owe  all  the  specimens  1  have  from  these  localities  to  Drs.  Nott  and  Holbrook : 
but  others  were  sent  to  me  from  New  Orleans  by  Professor  Chilton,  and  from 
Guadalupe  Mountains,  Pecos  River,  Texas,  and  New  I^con,  near  Cadereita,  Mexico, 
by  the  Smithsonian  Institution,  so  that  this  species  extends  much  further  west  than 
is  generally  supposed.  There  can  be  no  doubt  upon  the  point,  as,  besides  the 
specimens  sent  to  me  by  the  Smithsonian  Institution,  I  have  received  young  speci- 
mens, collected  in  Texas,  by  Mr.  G.  Stolley.  The  young  are  represented  PI.  3,  fig. 
14— 1 G ;  the  eggs  (PI.  7a,  fig.  24  and  25)  are  larger  and  less  variable  than  those 
of  Ptychemys  concinna. 

1  This  is  Gray's  Emy*  nnnulifere.  4  Thi«  i*  the  Ttstuilo  (Emys)  floridana,  />C. 

1  This  is  the  Testudo  (Emys)  roncinna,  LeC.  8  Fir-I  .l.  -.  rili.M  by  Dr.  Holbrook  as  Emya  uio- 

•  This  is  the  Emys  ornata  of  Ikll.  bilien*i«,  vol.  1,  p.  71,  pi.  9. 

55 
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Ptyciiemys  hterog lyphica,  Ay}  Only  known  from  the  middle  Western  and  South- 
ern States.  1  have  seen  neither  the  young  nor  the  eggs.  I  owe  my  specimens  to 
the  kindness  of  Dr.  Gcssner,  of  Columhus,  Georgia.  Dr.  Holbrook  describes  it 
from  Tennessee.  The  upper  jaw  is  emarginated,  but  smooth  ;  the  lower  jaw  is 
thinner  and  more  feeble  than  in  other  species,  and  its  edge  also  smootli.  The 
inner  rows  of  tubercles  in  both  jaws  are  more  continuous.  The  whole  body  is 
very  flat,  and  the  hind  margin  more  deeply  serrated  than  in  the  other  species. 

PrvniKMYS  decussata,  Aff.3  This  species  is  not  found  within  the  borders  of 
the  United  States.  It  is  a  native  of  Cuba.  But,  as  I  had  an  opportunity  of 
comparing  specimens  forwarded  to  the  Smithsonian  Institution  by  Professor  Poey 
of  Havana,  I  avail  myself  of  this  opportunity  to  state  that  it  is  a  distinct 
species  of  the  genus  Ptychemys,  more  nearly  allied  to  Ptychemys  concinna  than 
to  any  other. 

II.  Tkaciikmys,  A//.  The  chief  difference  between  Trachemys  and  Ptychemys 
cousists  in  the  horizontal  alveolar  surfaces  of  the  jaws,  which  are  much  nar- 
rower in  Trachemys  than  in  Ptychemys.  The  ridge  of  the  upper  jaw  is  less 
prominent,  low  in  front,  and  not  tuberculated  ;  the  lower  jaw  docs  not  spread 
horizontally,  and  has  only  a  slight,  smooth  inner  ridge.  There  is  a  notch  in  the 
front  of  the  upper  jaw,  but  no  lateral  teeth ;  the  lower  jaw  is  arched  upwards, 
and  terminates  in  a  hook.  The  marginal  wales  are  separated  by  notches,  and 
the  edges  of  the  scales  again  are  themselves  notched.  The  tessellation  of  the 
skin  amounts  to  scales  upon  the  neck,  and  upon  the  loose  skin  between  the  legs 
and  the  shield  ;  but  the  form  of  the  feet  is  the  same  as  in  Ptychemys.  The 
young  have  a  slight,  obtuse  median  keel,  and  their  scales  are  finely  gran- 
ulated. Their  color  is  very  characteristic ;  there  are  numerous  longitudinal  bands 
upon  the  median  scales,  and  transverse  ones  upon  the  costal  scales,  while  the 
marginal  scales  arc  ornamented  with  crescent  shaped  figures.  As  the  animal  grows, 
the  bands  become  less  and  less  numerous,  or  disappear  completely  in  old  age. 
At  first  smooth,  they  afterwards  assume  radiating  ridges,  up  to  the  seventh  or 
eighth  year;  and,  finally,  lougitudinal  ridges  and  rugosities  prevail  upon  the  scales. 
(Compare  p.  431,  note  1.) 

Trachemys   scabra,  Ay?     This  species   extends  from  North  Carolina   to  Geor- 


'  First  described  by  Dr.  Holbrook,  X.  Am.  Herp. 
p.  Ill,  pi.  17.    In  the  figure  of  Dr.  IMbrotik,  the 

8  This  U  the  Emys  decussata  of  Hell,  figured  by 
Batnon  de  la  Sftjrra,  Cuba,  Kept.,  pi.  1. 

Emvs  Iterardi,  Dum.  ai>d  JHI/r.,  seem*  ul«o  to  be- 
long to  this  genus,  judging  from  the  description  ««J 


the  figure*  of  the  jnw*  published  by  A.  Dumeril,  Arch. 
Mu*.  vol.  6,  p.  231,  pi.  1& 

•  This  specie*  i*  generally  known  under  the  name 
of  Emys  scrrata  (Ilolbr.  N.  Am.  Her]).,  vol.  1,  p.  49, 
pi.  5).  It  is  also  described  as  Testudo  »cript:u  Scfm., 
Emys  scripts,  Schw.  llut,  since  it  is  undoubtedly  the 
Testudo  sciibra  of  Linnteus,  I  have  restored  iu  oldest 
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gia.1  I  have  received  specimens  from  Wilmington,  North  Carolina,  through  Mr. 
S.  T.  Abert;  and  from  Savannah,  Georgia,  through  Dr.  W.  B.  Daniell.  I  am,  how- 
ever, indebted  for  the  largest  numbers  to  Dr.  Holbrook.  Professor  Baird  has  also 
sent  me  many  young  from  Savannah.  The  young  are  represented  PI.  2,  fig.  13- 
15.  I  have  never  been  able  to  obtain  its  eggs.  It  is  easily  distinguished  by  its 
broad  outline  and  great  height ;  keeled  along  the  back,  coarsely  tuberculated  and 
rugose  all  over  the  shield,  nnd  deeply  notched  behind.  There  is  a  broad,  trans- 
verse, light-yellow  band  across  the  neck,  behind  the  eye. 

Trachemys  Troostii,  Ag?  In  the  Western  States,  from  Missouri  and  Illinois  to 
Tennessee  and  Louisiana.  All  the  specimens  I  have  seen  were  sent  to  me  by 
Mr.  G.  Stollcy,  from  the  Osage  River,  Missouri ;  by  Dr.  Watson,  from  Quincy,  Illi- 
nois ;  and  by  Professor  Wailes,  from  Washington,  Mississippi.  Dr.  Holbrook  men- 
tions it  from  Tennessee.  It  represents,  in  the  valley  of  the  Mississippi,  the 
Trachemys  scabra  of  the  southern  Atlantic  States,  and  differs  from  it  by  its 
more  elongated  and  flattened  form,  the  absence  of  a  median  keel,  the  less  coarse 
tubercles  and  rugosities  of  the  shield,  the  less  marked  notches  of  the  hind  mar- 
gin, the  dark,  mottled  neck,  and  the  total  absence  of  longitudinal  and  transverse 
bands  upon  the  neck.     I  have  seen  neither  the  young  nor  the  eggs. 

Trachemys  eleqans,  Ay?  This  species  is  cosily  recognized  by  its  smoothness 
and  flatness,  and  the  bright  blood-red  longitudinal  band  which  extends  on  each 
side  of  the  neck.  It  is  not  as  broad  as  Trachemys  scabra.  Its  geographical 
distribution  is  very  remarkable.  It  is  found  from  the  Upper  Missouri  to  Texas ; 
but  it  does  not  extend  to  the  eastward  beyond  the  lower  course  of  the  Ohio. 
I  have  received  specimens  from  the  Osage  River  and  from  Texas,  through  Mr.  G. 
Stolley;  from  Burlington,  Iowa,  through  Dr.  J.  Ranch;  from  Quincy,  Illinois,  through 
Dr.  Watson ;  from  Mississippi  and  Louisiana,  through  Mr.  W.  Sargent,  Professor  Wailes, 
and  Dr.  Benedict;  and  from  the  Yellow  Stone,  one  of  the  head  waters  of  the  Mis- 
souri, from  the  neighborhood  of  San  Antonio,  from   Matamoras,  from  the  Brazos, 


name.  This  circumstance  removes  a  part  of  the  con- 
fusion introduced  in  the  synonymy  of  our  Turtles,  in 
the  application  of  the  name  of  scrmla  to  different 
species.  Tcsludo  serrala,  Pen^  is  Chelydra  serpenti- 
na;  Tcsludo  (Kmys)  errata,  Sn^and  Gray,  is  Ptyrh- 
emys  rugosa ;  Te<tudo  serrata,  Daud.,  is  Trachemys 
scabra;  Tcsludo  scabra,  SAate,  is  Kmys  trijtiga,  Scltw. 

1  Dumcril  erroneously  quotes  New  York  among 
the  localities  where  it  occurs.  Emys  vittnta,  6'r.,  does 
not  differ  specifically. 

1  The  first  and  only  complete  description  is  that 


of  Dr.  Holbrook,  X.  Am.  Herp.,  vol.  1.  p.  12.1,  pi.  20. 
Tcmminck  and  Sehlegel  have  confounded  it  with  the 
preceding  species. 

*  First  described  by  Prince  Max.  von  Neu-Wied 
as  Emys  ehgHU  (Reise  Nonl-Amer.,  vol.  1,  p.  213). 
Dr.  Holbrook  has  described  and  figured  it  under  the 
name  of  Kmys  cumberlandensis,  N.  Am.  Herp.,  p. 
115,  pL  18.  Gray  gives  it  the  name  of  Emys  Hoi- 
brookii.  in  the  Cat.  Brit  Miuu,  1K44,  p  23.  Pro- 
fessor Wailes  mentions  it,  in  his  Geol.  Hep.,  under 
the  name  of  Emys  Terrapin. 
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and  from  Brownsville,  in  Texas,  through  the  Smithsonian  Institution.  There  can 
he  no  douht,  therefore,  that  this  species  extends  over  the  most  extraordinary 
range ;  which  is  more  diflicult  to  explain  than  that  of  any  American  Emyd.  The 
young  are  represented  PI.  3,  fig.  9-11;  the  eggs,  PI.  7a,  fig.  18  and  19. 

Traciiemvs  kuoos.v,  Ag.1  I  mention  this  species  only  to  state  that  it  differs 
from  its  North  American  representatives  by  its  elongated  form,  the  slight  notches 
of  the  hind  margin,  and  the  very  coarse  rugosities  of  the  back.  There  is  a 
light  longitudinal  band  on  the  side  of  the  neck.  Its  color  varies  from  a  light 
salmon  to  a  dark  gray.  1  have  seen  specimens  from  the  Havana,  sent  by  Pro- 
fessor Poey  to  the  Smithsonian  Institution. 

III.  Graitemvs,  Ag,  The  great  width  of  the  smooth  and  flat  horizontal  alveolar 
surface,  and  the  spoon  shaped  dilatation  of  the  extremity  of  the  lower  jaw,  chiefly 
distinguish  this  genus.  There  is  no  notch  in  the  upper  jaw.  The  tessellation 
of  the  skin  amounts  to  scales  only  on  the  back  of  the  neck;  but  there  are  large 
scales  upon  the  feet,  and  a  row  of  prominent  ones  along  the  outer  edge  of  the 
fore  legs.  The  young  are  strongly  keeled,  and  their  margin  deeply  notched,  espe- 
cially behind  and  on  the  sides,  with  a  smooth  surface,  as  prevails  also  in  the 
adults ;  in  old  specimens,  the  concentric  lines  of  growth  of  the  scales  are  some- 
times distinct  The  persistence  of  the  keel  along  the  middle  line  of  the  back 
in  the  adults  seems  to  be  a  character  of  inferiority,  considering  that  it  disap- 
pears in  many  species  which  are  keeled  when  young,  as,  for  instance,  in  Ptyche- 
mys.  Though  I  had  no  opportunity  of  comparing  specimens  of  Gray's  Emys 
sinensis,  I  consider  it  as  the  Chinese  representative  of  this  genus.  May  not  Emys 
Bennettii,  Or.,  also  belong  to  this  group  ? 

Graitemvs  GEoouAi'iiit  a.  Ag!1  Common  from  Pennsylvania  and  New  York  to 
Michigan,  Tennessee,  and  Arkansas.  1  am  indebted  for  specimens  from  Michigan 
to  Prof.  A.  Winchell,  of  Ann-Arbor ;  from  Quincy,  Illinois,  to  Dr.  Watson  ;  from 
Delphi,  Indiana,  to  Mr.  Frauklin  Hill;  from  Ohio,  to  Mr.  George  Clark,  of  Toledo, 
to  Mr.  Joseph  Clark,  of  Cincinnati,  and  to  Dr.  Kirklaud,  of  Rockport  ;  from 
Pennsylvania,  to  Prof.  Baird,  and  S.  S.  Ilaldeman ;  from  Blount  county,  Tennessee, 
to  Prof.  Baird ;  and  from  Arkansas,  to  Mr.  G.  Stolley.  The  young  are  represented 
PI.  2,  fig.  7-9;  the  eggs  PL  7a,  fig.  28-30. 

Gkaptemvs  LeSlelrii,  Ag.3     This  species  is  only  known  in  the  Western  States, 


1  TliU  is  the  Emy*  ru«u«a  of  Gray,  but  not  of 
Shaw.  It  is  fijrured  l.y  Ramon  d.>  la  Sapra,  Culm, 
Kept.,  pi.  2.  Gray's  E.  vermiculata  (Cnt.  Brit.  Mus., 
ISt  I,  p.       is  the  same. 

3  Fir*i  described  by  LeSueur  under  the  name  of 
Testudo  geographic*.    Dr.  Holbrook  called  it  Emys 


macroeephnla.  in  the  first  edition  of  the  X.  Am.  Her]). 
In  the  second  he  adopted  LeSueur's  name  (p.  87). 
Emys  labyrinthicn  faS.  is  only  a  variety  of  this  spe- 
cies, remarkable  for  the  numerous  meandering  lines 
ujHin  the  bridyes  of  the  Mernum. 

•  This  species  is  couunoidy  called  Emys  pneudo- 
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whore  it  ranges  from  Michigan,  Wisconsin,  and  Iowa,  to  Louisiana.  I  have 
received  specimens  from  Burlington,  Town,  through  Dr.  J.  Rauch ;  from  Marion 
County,  Missouri,  through  the  Smithsonian  Institution;  from  the  Osage  River, 
through  Mr.  G.  Stolley;  from  Maumee  River,  Ohio,  through  Mr.  Geo.  Clark;  from 
Arkansas,  through  Mr.  G.  Stolley,  and  the  Smithsonian  Institution.  Judging  from 
the  many  specimens  sent  me  hy  Mr.  W.  Sargent  and  Professor  Wailes,  it  must 
be  common  about  Natchez.  The  young  are  represented  PI.  2,  fig.  10-12  ;  the 
eggs  PI.  7a,  fig.  31-34.  The  eggs  vary  more  in  form  than  those  of  Graptemys 
geographiea,  as  the  animal  itself  also  does. 

IV.  Malacoclemmys,  Gray}  A  very  distinct  genus,  first  noticed  by  J.  K  Gray, 
who  refers  only  one  species  to  it,  though  I  believe  that  his  E.  Bealii  is  the  Chinese 
representative  of  ours.  There  are  no  scales  on  either  side  of  the  neck,  the 
upper  amis,  the  thighs,  or  the  loose  skin  of  the  legs,  but  merely  a  tessellation 
of  the  epidermis ;  distinct  scales  only  upon  the  legs,  arms,  and  feet  Inguinal  or 
axillary  scales  small  or  wanting.  Head  long  and  peaked,  or  blunt,  short,  and 
rounded.2  Homy  sheath  of  jaws  straight,  strong,  and  smooth  ;  horizontal  alveo- 
lar surface  flat  and  broad,  without  ridges  ;  alveolar  edges  meeting  at  an  angle 
in  the  upper  jaw,  and  tapering  to  a  triangle  in  the  lower.  Young  keeled, 
adults  tuberculated,  upon  the  middle  line.  The  median  scales  remain  longer 
broad  than  in  any  other  Emydoid,  indicating  a  lower  standing,  which  agrees  with 
its  mode  of  life  in  salt-marshes. 

Malacoclemmys  palustris,  Ag?  Common  along  the  Atlantic  coast,  in  salt-marshes, 
from  New  York  to  Texas,  and  even  to  South  America.  Specimens  from  the 
States  bordering  on  the  Gulf  of  Mexico  are  generally  smaller  than  those  of  the 
Atlantic  States,  and  have  the  edge  of  the  carapace  more  turned  up  ;4  but  such 
specimens  occur  even  in  the  vicinity  of  New  York.  This  species  varies  most 
remarkably  in  its  color  and  sculpture,  as  well  as  in  the  size  of  the  head.  The 
lighter  varieties  are  plain  greenish  gray,  the  darkest  almost  black ;  there  are  those 
with  concentric  stripes  upon  the  scales,  alternately  dark  and  light  colored;  some  are 
entirely  smooth,  and  others  have  deep  concentric  grooves,  indicating  the  successive 
lines  of  growth  of  the  scales.     The  sternum  varies  from  light  yellow  or  ycllow- 


geogrnphicn  ;  but  the  specific-  name  LcSucurii  is  older. 
Il  is  evident  from  hi*  reference  llml  Gray  at  first  ap- 
plied tl  nine  nf  Kmys  LeSueurii  to  this  species,  and 

not  to  C.r.  gengraphica ;  now  Gray  calls  it  also  Kmys 
pseudo-geographicsi.  Prof.  Wailes  enumerates  it  in 
hi*  GeoL  Report  under  the  name  of  Kmys  scrrata. 

1  Though  Gray  spell*  th'u  name  Malaclcmys,  I 
have  altered  it  to  suit  it*  etymology. 


*  Then  is  not  another  genus  the  head  of  which 
varies  as  much  iu  size  and  form  as  this. 

*  Maliiclemys  concentricA,  Gray.  Cat.  llrit.  Mus. 
1*44,  p.  2«.  It  is  the  Testudo  terrapin,  Schotgf, 
Emys  terrapin,  Iloibr.,  Test,  eentrata,  Dnud.,  Test, 
concentriea,  Shaw,  Test,  palustris.  Gmcl.  anil  teC. 

4  This  is  probably  the  Kmys  fireolatn.  A.  Bum. 
Arch.  Mus.,  voL  6,  p.  223,  PL  14. 
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ish  green  to  reddish  brown,  plain,  or  dotted  or  striped  concentrically.  I  am 
indebted  to  Prof.  Baird  for  a  large  series  of  specimens  from  the  Middle  States;  Dr. 
Nott  has  sent  me  others  from  the  Gulf  States.  Dr.  Holbrook's  figure  (PL  12)  rep- 
resents a  broad-headed  variety;  DeKay's,  (Zoology  of  New  York,  PL  3,  fig.  5,)  one 
with  a  pointed  head.1  The  young  are  represented  PL  1,  fig.  10-12;  the  eggs,  PL 
7a,  fig.  11-14. 

V.  Ciikysemys,  Gray.  Although  J.  E.  Gray  considers  these  Turtles  only  as  a 
sub-genus  of  Emys,  I  am  satisfied  that  they  belong  to  a  distinct  genus,  the  rep- 
resentatives of  which  are  closely  allied  to  the  other  Nectcmyds,  and  not  to  the 
Clemmyds,  as  Wagler  supposed.  The  large  web  of  their  feet  and  the  broad  hori- 
zontal alveolar  surface  of  the  upper  jaw  show  this  distinctly,  even  though  the 
horny  sheath  that  covers  its  edge  be  narrow.  They  die  in  a  few  days  when  kept 
out  of  the  water,  while  the  Clemmyds  are  much  more  terrestrial,  and  may  be  kept 
for  months  on  dry  ground  during  the  hottest  days  of  the  summer.  This  is  the  case, 
at  least,  with  Glvptemys  insculpta.  The  most  prominent  generic  character  con- 
sists in  a  notch  in  front  of  the  horny  sheath  of  the  upper  jaw,  on  each  side  of 
which  the  edge  of  the  sheath  projects  more  or  less  to  form  lateral  teeth,  that 
are  close  together.  The  young  are  not  keeled4  at  all,  and  are  flatter  than 
those  of  the  other  genera  The  colors  ore  very  constant,  and  afford  good  specific 
characters.* 

Chrysemys  picta,  Graff.4  This  species  may  be  at  once  distinguished  from  the 
other  species  of  the  same  genus  by  the  form  of  the  middle  row  of  scales  upon 
the  back,  and  the  manner  in  which  the  costal  scales5  of  the  carapace  meet  those 
of  the  vertebral  row,  and  tdso  by  a  broad,  yellow  band,  limited  by  a  black  line, 
which  extends  aloug  their  anterior  margin.  The  ground  color  is  dark,  grayish 
brown;  the  margin  has  intensely  blood-red  blotches.  The  scales  of  the  median 
row  have  their  lateral  angle  higher  up,  and  the  upper  margin  of  the  lateral 
scales  nearly  on  a  line  with  the  upper  margin  of  the  median  scales,  while  in 
all  the  other  species   the   median   scales   are   more   regularly  hexagonal,  and  the 


1  J.  E.  Gray'*  Emy*  niacrucephulu*,  Cat.  Brit. 
Mus.  ls-H,  p.  2G,  i*  a  luge-headed  variety  of  thi* 
specie*. 

*  The  absence  of  a  keel  in  the  young,  and  the  small 
eize  of  the  adult,  MM  to  indicate  that  this  genua 
stand*  highest  in  it*  sub-family. 

*  The  only  variation*  that  I  have  noticed  corre- 
spond to  the  change.*  which  take  place  with  age  ;  there 
is,  though  very  rarely,  some  dilferenec  in  the  extent 
of  the  lyriform  figure  upon  the  sternum. 

4  Tin*  i*  the  well-known  Emys  picta  of  most 


uiodcrn  herpt  tologists,  the  Testudo  picta  of  Hermann 
and  Schneider;  Testudo  cinerea,  lirovn,  Emys  cine- 
rca,  S-hw.,  is  (he  young.  Seha  already  mention*  it 
a*  Testudo  ex  Nova  Hispania.  It  nl*o  appears  as 
Terrapenc  picta  in  l'rince  Canino'*  work*.  Wagler 
calls  it  Clemmy*  picta. 

*  Occasional  anomalies  are  observed  in  the  form 
of  the  scale*.  Prof.  S.  S.  Haldeman  has  sent  me  one 
specimen  in  which  one  of  the  costal  scale*  and  the  pos- 
terior median  scale*  of  the  back  are  divided  ;  and  an- 
other in  which  there  is  one  additional  costal  scale. 
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upper  margin  of  the  lateral  scales  is  on  a  line  with  the  lateral  angle  of  the 
median  scales.  This  is  already  visible  in  the  youngest  specimens,  nt  the  time 
of  batching.  (Comp.  PL  1,  fig.  4  and  5  with  fig.  6  ;  also  PL  3,  fig.  1  ;  PI.  5, 
fig.  2  ;  and  PI.  6,  fig.  8  ;  compare  also  p.  293,  note).  The  sternum  is  golden 
yellow  ;  occasionally,  hut  very  rarely,  with  a  partial  lyriform  figure  ;  now  and 
then  also  a  streak  or  a  dot  may  be  seen  upon  the  costal  scales.  But  the  form 
of  the  scales  shows  this  species  to  differ  strikingly  from  the  others.  The  eggs 
are  represented  PL  7a,  fig.  1-3.  Chrysemys  picta  is  described  as  occurring  every- 
where in  the  United  States;  but  this  is  incorrect  It  occurs  only  in  the  Eastern 
and  Middle  States  as  far  as  the  northern  boundary  of  South  Carolina,  whence  it 
extends  to  the  north-western  parts  of  Georgia.  Its  northern-most  boundary  is 
New  Brunswick,  according  to  Mr.  M.  H.  Perley.  I  have  obtained  specimens  from 
North  Carolina,  through  Mr.  W.  C.  Kerr,  and  from  western  Georgia,  through  Mr.  Al. 
Gcrhardt,  I  have  never  observed  it  in  the  Southern  States,  nor  further  west  than 
the  western  parts  of  Pennsylvania  and  New  York,  and  the  eastern  parts  of  Ohio. 
In  western  Ohio,  in  Indiana,  Wisconsin,  and  Michigan,  it  is  replaced  by  Chryxemys 
nutryiuata ;  in  Missouri,  and  parts  of  Illinois,  by  Chrysemys  Bdlii ;  in  Minesota,  by 
Chrysemytt  orct/oiiejim ;  and  in  Louisiana  and  Mississippi,  by   Chryxemys  Jorsalis, 

Ciirvsemys  margin ata,  Ay.  It  is  flatter,  broader,  and  more  rounded  than  Chrys- 
emys picta ;  the  bands  between  the  scales  of  the  carapace  are  either  yellow  or 
blood-red,  narrower  than  in  Ch.  picta,  but  bordered  with  more  distinct  black  lines. 
Their  lateral  margins  exhibit  parallel  ridges,  while  in  Chrysemys  picta  they  arc  per- 
fectly even.  The  ground  color  is  bronze  green,  with  a  few  red  or  yellow  spots. 
Upon  the  sternum  there  is  a  black  lyriform  blotch,  as  in  Chrysemys  Bellii,  but 
narrow  and  plain,  and  not  mottled  (see  PL  5,  fig.  3).  This  figure  is,  however,  occa- 
sionally wanting.  The  young  arc  represented  PL  1,  fig.  6,  and  PL  5,  fig.  1-4 ; 
the  eggs  (PL  7a,  fig.  4-6)  are  larger  than  in  Ch.  picta,  though  the  animals  are 
of  the  same  size.  1  am  indebted  for  specimens  of  this  species  to  Dr.  P.  R.  Hoy, 
of  Racine,  Wisconsin ;  to  Mr.  J.  A.  Lapham,  of  Milwaukee,  Wisconsin ;  to  Dr.  Manly 
Miles,  of  Flint,  Michigan  ;  to  Professor  Alex.  Winchell,  of  Ann-Arbor,  Michigan ; 
to  Mr.  Franklin  Hill,  of  Delphi,  Indiana;  and  to  Dr.  liauch,  of  Burlington,  Iowa. 
One  specimen  was  sent  to  me  from  Rome,  in  the  State  of  New  York  ;  but  I 
cannot  ascertain  by  whom,  nor  whether  it  had  been  found  in  that  State. 

Chrysemys  Bellii,  Graff}  By  its  form,  this  species  resembles  more  Chrysemys 
picta  than  Chrysemys  margiuata;  but  the  scales  of  the  carapace  are  arranged  as 


1  Synops.  Repl.  in  flrifBihV  An.  Killed.,  1831,  p. 
31,  under  the  name  of  Emys  Be  llii.  The  generic 
name  Chrysemys  is  first  introduced  in  the  Cat.  Brit. 


Mus.  181 1,  p.  27,  where  Mr.  (Iray  stales  that  this 
opecics  H  named  Emyi  sptciota  by  CM  in  the  Cat. 
Km.  Coll.  Surg.  No.  152 j. 
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in  the  latter,  while  the  margin  of  the  costal  scales  is  .smooth.  There  are  a 
few  irregular  yellow  or  red  hands  across  the  costal  scales,  with  a  few  red  dots. 
The  ground  color  is  copper-red,  or  hronze  colored.  The  lyriibnn  black  blotch  of 
the  sternum  has  lateral  angular  projections.  I  have  received  many  specimens 
from  the  Osage  River,  in  Missouri,  through  Mr.  G.  Stolley.  Dr.  George  Engel- 
mann  ha*  also  sent  me  many  from  St  Louis;  and  I  have  found  it  myself  in 
western  Illinois.     The  young  are  represented  PI.  G,  fig.  8  and  9. 

Chryskmvs  oreooxensis,  Ar/.1  Mr.  Nuttall,  who  discovered  this  species,  states  that 
it  was  found  in  Oregon ;  Prince  Max  von  Neu-Wied  observed  it  near  Fort  Union, 
on  the  Upper  Missouri.  I  have  received  specimens  from  the  Smithsonian  Insti- 
tution, collected  near  Fort  Snelling,  Minesota,  in  the  Yellow  Stone  River,  Nebraska, 
and  among  the  Guadalupe  Mountains,  in  Texas.  My  friend  James  M.  Barnard  has 
brought  me  a  living  specimen  from  White  Bear  Lake,  Minesota;  which  agrees  exactly 
with  Dr.  Ilolbrook's  original  specimen,  now  in  the  Museum  of  the  Academy  of 
Natural  Sciences,  in  Philadelphia.  The  back  has  numerous  yellow  lines  upon  a 
greenish  ground,  and  the  sternum  regular  blotches  in  the  form  of  a  lyre  all  over 
its  surface.  The  young  represented  (PI.  3,  fig.  1-3)  belongs  to  the  Smithsonian 
Institution. 

Chryskmvs  dorsalis,  Ag.  I  have  seen  only  a  few  specimens  of  this  species, 
the  only  one  of  the  genus  which  I  have  not  kept  alive  for  a  considerable  time. 
They  were  sent  to  me  by  Prof.  Wailes,  who  collected  them  in  the  States  of  Mis- 
sissippi and  Louisiana."  Luke  Concordia  is  the  locality  whence  most  specimens  were 
obtained.  The  Smithsonian  Institution  possesses  specimens  from  the  same  source. 
This  is  the  broadest  and  shortest  species  of  the  genus.  It  Is  easily  distinguished 
by  the  great  width  of  the  median  scales  of  the  carapaee;  their  form  resembles 
more  that  of  the  scales  of  the  young  Ch.  picta  than  that  of  the  adults  of  other 
species.  Margin  of  the  costal  scales  plicated,  as  in  Ch.  marginata.  As  in  Ch. 
picta,  the  sternum  is  uniformly  golden  yellow.  The  yellow  median  stripe  along  the 
back  is  broader  than  in  any  other  species.  The  marginal  scales  are  not  so 
highly  ornamented  as  in  other  species.  Indeed,  the  characteristic,  crescent-shaped 
Ggures  of  the  margin  occur  only  upon  the  lower  surface,  and  are  quite  pale. 


1  This  is  Harlan's  Emys  oregonensis  (Am.  Journ. 
Sc.,  vol.  31,  p.  382,  pi.  31,  anil  Holbrook's  N.  Am. 
Herp.  vol.  1,  p.  107,  pi.  1G).  I  lmve  great  doubt*  re- 
specting the  accuracy  of  the  statement  of  Nuttall,  that 
this  specie*  was  found  in  Oregon.  It  hit*  never  been 
seen  in  that  territory  by  the  many  expeditions  which 
have  explored  it  since  Nuttall ;  nor  did  Dr.  Picker- 
ing notice  it  when  there  with  the  United  Slates  Ex- 


ploring Expedition.  I  am  therefore  inclined  to  believe 
that  he  made  some  mistake  in  reference  to  it*  origin. 

1  I  sup|x.*e  that  the  specimens  carried  from  New 
Orleans  to  Paris  by  Mr.  Trecul,  and  referred  to 
Emys  picta  by  Dtimcril,  belong  to  this  specie*.  I 
have  never  seen  Ch.  picta  anywhere  in  the  Slate* 
bordering  on  the  Gulf  of  Mexico.  Prof.  Waile*  also 
quotes  this  species  as  Emys  picta  in  his  tieol.  Rep. 
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SUB-FAMILY  OF  THE  DE1R0CIIBLY0ID.K. 

This  sub-family  embraces  only  a  Bingle  genus,  as  far  as  I  know,  and  to  tliis 
day  that  genus  numbers  a  single  species,  the  North  American  Emys  reticulata, 
Scfuretg.1  In  many  respects  it  recalls  the  Australian  Chelodina?,  by  the  unusual 
length  of  its  neck;  but  differs  strikingly  from  them  by  the  mode  of  articula- 
tion of  its  neck  vertebrae.  It  is  a  genuine  Cryptodeira,  and  in  no  way  allied 
to  the  Pleurodeine.2 

Deirochelys,  Ag.  The  upper  jaw  is  notched  in  front  ;  the  lower  jaw  js  low. 
arched  upwards,  and  terminates  in  a  sharp  point. 

Deirochelys  reticulata,  Ag.  The  geographical  range  of  this  species  is  much 
more  extensive  than  is  generally  supposed.  It  is  found  in  nil  the  Southern 
States,  from  the  southern  parts  of  North  Carolina  to  Louisiana,  though  it  seems 
to  be  nowhere  very  common.  I  have  obtained  specimens  from  North  Carolina, 
through  Mr.  S.  Th.  Abert  and  Dr.  C.  L.  Hunter;  from  South  Carolina,  through  Dr. 
Holbrook ;  from  Pensacola,  through  Dr.  R.  W.  Jeffries ;  from  Mobile,  through  Dr. 
Nott;  and  from  Bed  River,  Louisiana,  through  Professor  Baird.  The  young  are 
represented  PI.  I,  flg.  14-1G,  and  PI.  II.,  fig.  1-3 ;  and  the  eggs,  PI.  VII,  fig.  17-19. 


GENERA  OF  THE  SUB-FAMILY  OF  EVEMYDOID.E. 

Emys,  Brongn?  All  modem  herpetologists,  with  the  exception  of  Dr.  Holbrook 
and  Maj.  LeConte,  have  confounded  the  North  American  representative  of  this 
genus  with  the  common  Box  Turtle,1  Cistudo  virginea,  with  which  it  is  only 
remotely  allied.  The  distinguishing  character  of  the  genus  consists  in  the  nar- 
row, horizontal  alveolar  surface,  and  the  narrow,  horny  sheath  of  the  bill,  which 
is  notched  in  front,  the  alveolar  edge  rising  gradually  to  form  a  triangular 
emargination,  while  under  the  eye  it  is  arched  down.  No  part  of  the  plastron 
hi  sutured  to  the  carapace;  the  median  pair  of  bones  are  united  to  it  by  unos- 
sified,  flexible  derm ;  the  plastron  itself  is  hinged  at  the  middle  transverse  suture, 
and  the  two  movable  plates,  thus  hinged  upon  one  another,  arc  raised  to  the 


1  Compare  Holb.  N.  Amer.  Herp.  p.  59,  pi.  7. 
It  is  the  Testudo  reticulata,  Ihtc.;  Terra|>ere  reticu- 
lata, Bumtp. 

*  Compare  p.  335,  note,  and  351. 

•  Gray  has  proposed  the  BUM  Lutremy*  for  (Ml 
genua;  but  the  older  name,  Emys,  must  be  pre- 

50 


served.  He  has  further  subdivided  the  Cistudos, 
with  which  he  associates  the  genus  Lutremy*,  into 
Cistudo  proper  and  Cyclemys. 

*  Dura,  and  Bibr.  Krp.  gen.  vol.  2,  p.  210  ;  Gray. 
Cat.  Brit.  Hut.  p.  30.  Comp.  also  my  remarks,  p. 
2-19  and  252. 
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carapace  when  the  animal  withdraws  into  the  shield  for  protection.  (Compart1 
the  Cinosternoids,  p.  348.)  In  Cistudo  the  hcak  projects  downward.  The  head  is 
long  and  wide,  it*  front  part  spreading  apart  downward,  so  that  the  eyes  Open 
upward,  and  the  mouth  is  broad;  while  in  Cistudo  the  head  is  high,  the  sides 
of  its  front  part  nearly  vertical,  and  the  mouth  narrow.  The  lower  jaw  is  low. 
and  inched  upward  to  a  point  in  front,  it*  alveolar  surface  being  almost  vertical. 

Emys  HjtLBAQRis,  Ag}  The  young  are  nearly  circular,  and  entirely  black  above, 
without  a  spot,  and  the  scales  granular;  the  sternum  is  also  black,  with  a  white 
edge.  They  are  represented  PI.  4,  fig.  20-22  ;  and  the  eggs,  PL  7a,  fig.  20  and  27. 
As  they  grow  larger,  they  elongate  rapidly  ;  indeed,  this  species  is  comparatively 
longer  than  its  European  representative,  the  Emys  lutaria.  This  is  truly  Shaw's 
Testudo  Melcagris,  notwithstanding  Shaw's  own  recantation.  The  young  might  be 
confounded  with  the  figure  of  Emys  pulchella,  Schopjf,  which  is  the  young  of 
the  European  species.  This  species  extends  through  the  Northern  States,  from 
New  England  to  Wisconsin.  It  has  been  found  in  Massachusetts,  near  Lancaster, 
by  Dr.  \V.  L  Burnett  and  Mr.  S.  Tenney,  and  in  Concord  by  Mr.  I).  EL  Thoreau. 
I  have  specimens  from  Michigan,  sent  to  me  from  Ann-Arbor  by  Professor  Al.  Win- 
chell  and  by  Dr.  A.  Sager,  and  from  Flint  by  Dr.  Manly  Miles,  and  from  Wiscon- 
sin by  Dr.  Hoy,  of  Racine. 

GENERA  OP  THE  BUB-FAMILY  OF  CLEMMVDOIDJJ. 

It  was  Wagler  who  first  showed  that  there  are  several  genera  included  in 
the  old  genus  Emys,  even  after  removing  the  genera  now  referred  to  the  fam- 
ilies of  Cinosternoids  and  Chelydroids.  Among  these  genera  there  is  one,  Clcm- 
mys,  which  constitutes  a  distinct  sub-family,4  embracing  still  several  distinct  genera, 
four  of  which  are  characteristic  of  the  Fauna;  of  North  America. 

I.  Xanemys,  Ag.  Edge  of  upper  jaw  straight,  slightly  notched  in  front ;  lower 
jaw  slightly  arched  upward;*  snout  rounded,  and  its  sides  not  compressed  lat- 
erally ;  neck  and  loose  skin  between  the  legs  scaly.  Large  scales  upon  the 
legs  and  feet 

Na.ne.mys  guttata,  Ag*     The  young  arc   represented  PL  1,  fig.  7-9;   the  eggs. 


1  Major  Le  (.'utile  was.  the  first  to  notice  thnt  the 
North  American  Cistudo  Blnndingii  is  synonymous 
with  Shaw's  Testudo  Mclcagris  ;  but  ho  call*  it  Lu- 
treniya  Meleagris. 

*  Com  p.  p.  356. 

•  The  upper  jaw  may  occasionally  have  a  deeper 


notrh  in  front,  nnd  the  sides  of  the  notch  may  he 
tooth-like;  hut  the  bill  never  projects  downward 
as  in  Calemy*. 

'  This  if  the  well-known  Emys  guttata  of  modem 
herpetologists.  The  best  figure  is  that  of  Dr.  Hol- 
brouk's,  N.  Am.  Herp.,  pL  11.     It  is  also  known 
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PI.  7a,  fig.  7-10.  Its  yellow  dots  upon  a  black  ground  are  very  characteristic. 
When  hatched,  there  18  but  a  single  dot  upon  each  scale  of  the  shield,  and 
none  upon  the  marginal  scales;  as  it  advances  in  age  new  dots  appear,  one  by 
one,  upon  each  scale,  until  they  become  very  irregular,  and  extend  to  the  margin 
of  the  shield.  I  have,  however,  seen  old  specimens  that  were  entirely  black,  and 
others  in  which  the  dots  remained  few  and  regular.  The  sternum  varies  from 
black  to  yellow,  with  black  blotches,  especially  upon  the  centres  of  the  scales.  This 
species  is  common  in  New  England,  and  in  the  middle  Atlantic  States.  It  does 
not  extend  south  of  North  Carolina,  nor  west  of  New  York  and  Pennsylvania. 
I  have  received  large  numbers  from  North  Carolina,  through  the  kindness  of 
Professor  Baird,  but  never  noticed  it  in  the  South  or  in  the  West 

IT.  Calemys,  A<j.  This  genus  differs  from  Naneinys  in  having  a  deep  notch 
in  front  of  the  upper  jaw,  with  a  large  tooth  on  each  side,  projecting  in  the 
shape  of  an  arched  bill.  Sides  of  the  head  compressed,  but  not  narrowing  down- 
ward.    The  lower  jaw  is  strongly  arched  upward.1 

Calemys  MCiilenderoii,  A;/?  1  have  never  seen  the  young,  or  the  mature  eggs 
of  this  species,  which  seems  rather  rare,  and  entirely  limited  to  New  Jersey  and 
the  eastern  parts  of  Pennsylvania.  Its  scales  are  either  perfectly  smooth  or 
concentrically  grooved;  with  or  without  keel  along  the  back.  The  dark  orange 
blotch  on  each  side  of  the  neck,  extending  over  the  temporal  muscles,  is  charac- 
teristic of  this  species. 

III.  Glyptemys,  Ag.  The  upper  jaw  projects  in  the  form  of  a  bill,  arched  down- 
ward, notched  at  the  tip,  anil  so  compressed  sidewisc  that  the  margin  of  the 
mouth  is  narrower  than  the  top  of  the  forehead  over  the  nose.  The  edge  of 
the  lower  jaw  is  straight,  except  the  tip,  which  is  greatly  arched  upward.  The 
horny  sheath  of  the  horizontal  alveolar  surface  is  narrow  in  both  jaws.  The 
margin  of  the  shield  is  very  thin  and  spreading  in  the  young,  and  the  surface 
of  the  scales  is  coarsely  granular.  In  the  adult  they  have  radiating  ridges, 
which  in  very  old  age  arc  sometimes  entirely  smoothed  down. 

Gi.yitk.mys  iNsci'Li'TA,  Aj."  This  species  is  common  in  the  North-eastern  States, 
and  is  found  only  as  far  south  as  New  Jersey.  I  am  indebted  to  Mr.  S.  Ten- 
ney  for  hundreds  of  specimens  from  Lancaster,  Massachusetts.     He  has  also  secured 


under  the  names  of  Emys  punctata  and  C'lcmmvs 
punctata. 

1  As  I  have  not  seen  the  young,  I  am  some- 
what doubtful  respecting  the  value  of  the  differ- 
ences pointed  out  between  this  genus  und  the  pre- 
ceding. 

•  This  species  is  well  represented  by  Dr.  Hol- 


hrook,  in  his  N.  A.  Ilerp.  pi.  4,  under  the  name  of 
Emys  Muhlenbergii. 

*  This  is  the  Emys  insculpta  of  Major  LeConte. 
Dumcril  and  Uihron  have  erroneously  identified  it 
with  Schu<-pfr's  Testudo  pulchclla,  which  is  the  young 
of  the  European  Emys  lutaria.  Emys  speciosa, 
Ikli,  i»  the  smooth  variety  of  the  old  age. 
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a  specimen  for  me  from  the  Little  Madawaska  River,  in  lat  47°  north,  Maine. 
There  is  less  difference  in  the  length  of  the  tail  in  the  males  and  females 
than  in  Actinemys  marmorata. 

IV.  Actinemys,  Aff.  Edge  of  the  upper  jaw  straight,  with  a  notch  in  front ; 
lower  jaw  hroad  at  the  symphysis  toward  the  lower  edge,  strong,  and  strongly 
arched  upward.  Males,  with  a  long,  tapering  tail  ;  in  the  females  the  tail  is 
short  and  blunt  Young,  with  radiating  stria?  upon  the  scales,  the  centre  of 
which  remains  for  a  long  time  granular,  as  in  Testudo  tabulata.     Adults,  smooth. 

Alti.ne.mvs  marmorata,  Aff.1  Varies  from  green  to  black,  mottled  with  light  dots, 
more  or  less  radiating.  Light  yellowish  below;  a  few  specimens  have  the  black 
augle  of  the  sternal  scales  that  characterizes  Glyptemys  insculpta. 

This  is  the  only  species  of  Emydoid  known  from  the  western  slope  of  the 
continent  of  North  America.  I  have  received  a  fine  scries  of  specimens  from 
San  Francisco,  California,  from  my  friend,  T.  G.  Cary,  Jr.  I  have  also  exam- 
ined a  number  of  specimens  belonging  to  the  Smithsonian  Listitute,  among  which 
are  the  originals  of  Baird  and  Girard's  Emys  marmorata,  and  of  Dr.  Hallowell's 
Emys  nigra.  The  former  species  is  founded  upou  the  young,  the  latter  upon  the 
black  variety  of  the  adidt  It  appears  from  these  specimens  that  Actinemys 
marmorata  is  found  from  Pugct  Sound  to  Monterey,  California. 

Three  out  of  five  genera  of  this  sub-family  are  characteristic  of  New  Eng- 
land and  the  middle  Atlantic  States,  while  the  fourth  is  exclusively  found  in  Cali- 
fornia, and  the  fifth  in  Europe.  There  arc  no  representatives  of  this  type  in  the 
Western  or  Southern  States.  This  is  particularly  remarkable,  when  considered  in 
connection  with  the  similarity  which  exists  between  the  ichthyology  of  Europe  and 
that  of  New  England,  and  the  striking  contrast  there  is  between  that  of  the  lat- 
ter region  and  the  other  ichthyological  Fauna)  of  North  America. 


TIIK   St'B-t'AMILY    OP  CISTUlilSlXA. 

I  have  already  stated,  (p.  251,)  that  the  genus  Cistudo  should  be  limited  to 
the  North  American  Box  Turtles,  and  that  it  differs  widely  from  the  true  genus 
Emys,  with  which  it  is  generally  associated. 

Cisttdo,  F/em.  Head,  very  high.  The  temporal  arch  is  either  cartilaginous  or 
only  partially  ossified.  Horizontal  alveolar  edge,  narrow ;  beak  of  the  upper  jaw 
projecting  downward,  with  or  without  a  notch  in  the  middle  ;   lower  jaw,  sharp- 

1  This  is  Baird  and  Girard's  Emy*  marmorata,  aUo  iiikKt  (lie  name  of  Emjs  nipra,  hy  Dr.  Hal- 
Troc.  Ac.  MaL  Sc.  Phil.  1852,  p.  177,  described       lowell,  l'roc  Ac  Nat.  Sc.  Pl.il.  1S54,  p.  91. 
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pointed  in  front  Hind  foot,  plantigrade.  The  plastron  is  attached  and  hinged 
essentially  as  in  Einys.  It  is  probable  that  the  difference  between  the  manner 
in  which  the  plastron  is  moved  in  the  Cinosterno'uke  and  in  the  Emydoida)  with 
movable  sternum  depends  on  family  characters,  and  that  a  single  hinge  could 
not  exist  in  the  Cinosternoida?,  nor  a  double  one  in  the  Emydoid. 

Though  I  have  examined  many  hundred  specimens  of  this  genus,  I  do  not  yet 
feel  justified  in  expressing  a  decided  opinion  respecting  the  value  of  the  differ- 
ences which  I  have  noticed  among  them,  as  they  were  mostly  adults.  The  dif- 
ferences noticed  may  indicate  different  species  ;  but  they  may  also  mark  only  vari- 
eties. There  is,  however,  a  remarkable  circumstance  connected  with  the  specimens 
that  came  under  my  observation :  their  variations  arc  limited  to  particular  regions 
of  the  country.  A  satisfactory  investigation  of  this  genus  would  therefore  involve 
the  whole  question  of  local  and  climatic  varieties. 

Cisti'W)  virqinea,  Ag}  The  north-eastern  type  of  the  genus  has  the  most 
extensive  range.  It  is  found  in  New  England,  and  westward  as  far  as  Michi- 
gan, and  southward  as  far  as  the  Carolinas.  I  have  received  three-toed  speci- 
mens from  North  Carolina,  through  Mr.  W.  C.  Kerr,  which  agreed  in  every  other 
respect  with  those  of  New  England.  The  young  are  represented  PI.  4,  fig.  17-19  ; 
the  eggs,  PI.  7,  fig.  10-14. 

Cistudo  THii  Nut  is,  Ag.1  The  western  and  south-western  type  is  remarkable  for 
having,  almost  universally,  only  three  toes  to  the  hind  feet.  Specimens  from  Lou- 
isiana and  Mississippi  are  particularly  small,  and  of  a  pale  yellowish  color,  with  a 
few  spots.  The  eggs  are  represented  PI.  7,  fig.  1">  and  10.  I  have  received  a 
very  large  number  of  specimens  from  Dr.  Benedict  and  Mr.  T.  C.  Copes,  of  New 
Orleans,  all  of  which  agree  in  their  small  size  and  pale  color.  Had  I  not 
noticed  a  few  larger  specimens  from  the  Osage  River  and  from  Georgia,  I  should 
not  hesitate  to  consider  them  as  a  distinct  species. 

Cistudo  ornata,  Ag?  The  north-western  type  is  round,  broad,  and  flat,  with- 
out keel,  even  when  young,  (PL  III.,  fig.  12  and  13,)  while  the  young  of  Cistudo 
virginea  are  always  strongly  keeled.  1  have  received  specimens  from  the  Upper 
Missouri  through  the  Smithsonian  Institution,  and  from  Iowa  through  Dr.  J.  Rauch. 

Cistudo  major,  Ag.  The  southern  and  south-eastern  type  grows  to  a  very 
large  size,  and  is  more  oblong  than  the  others.  I  have  received  specimens  from 
Mobile  through  Dr.  Nott,  and  from  Florida  through  Mr.  Fr.  W.  Putnam. 


'  This  is  ibe  Cistudo  Carolina  of  most  authors, 
Grew'g  Tcstudo  virginea.  dray's  Emys  kinoster- 
noide*  is  the  young. 

11  Gray  b*l  dc«cribed  a  three-toed  Cistudo  from 
Mexico  as  a  distinct  genu*,  under  the  name  of 


Onyoltfitria  Mexicana.  Proc.  ZooL  Soc.  of  London, 
lS  li).  The  outer  toe  of  the  hind  foot  fades  away  bo 
gradually  that  the  genus  Onychotria  cannot  stand. 

•  Of  all  the  Cistudo  which  I  hate  seen,  this  is 
moat  likely  to  be  a  distinct  species. 
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SECTION  IX. 

GKNEKA  OK  TKSTUOININA. 

Were  it  Jiot  for  the  circumstance  that  Linnffiua  has  united  all  Testudinata  into 
one  genus,  I  believe  the  classification  of  this  order  would  long  ago  have  been 
more  natural  than  it  is  now.  To  this  day  only  eight  genera  have  been  referred 
to  the  family  of  Testudinina,  though  its  species  are  very  diversified,  and  exhibit, 
no  doubt,  characters  indicating  generic  differences  beyond  those  acknowledged  at 
present,  if  I  may  judge  from  the  few  that  have  come  under  my  inspection.  The 
name  of  Testudo  must  of  course  be  preserved  for  that  genus  to  which  the 
common  European  T.  gneca  belongs.  Wagler  has  already  separated  from  it  the 
T.  marginata  under  the  name  of  Chersus,  and  Fitzinger  has  applied  the  name  of 
ChelonoidLs  to  Testudo  tabulata,  that  of  Geochelone  to  T.  stellata,  that  of  Psammo- 
bates  to  T.  geometrica,  and  that  of  Mcgalochclys  to  T.  indica  ;  while  Gray  has  re- 
tained the  name  Chersina  for  T.  angulata,  and  Dumcril  and  Bibron  have  established 
the  genus  Ilomopus,  not  to  allude  to  the  genera  Pyxis  and  Cinixys  of  Bell. 
Although  I  believe  most  of  these  genera  to  he  well  founded,  I  cannot  refer  to 
either  of  them  the  two  species  which  I  have  observed  in  North  America. 

Xeuobates,  Ag.  Differs  from  all  other  Testudinina  in  having  the  front  legs 
compressed,  without  a  sign  of  n  plantigrade  palm,  and  large,  flat  nails  ;  the  hind 
feet  are  plantigrade,  with  a  round  surface.  There  are  only  a  few  large  scales 
side  by  side  upon  the  forehead.  The  head  is  very  broad  across  the  temporal 
muscles ;  the  region  of  the  eyes,  nose,  and  mouth  is  short ;  and  the  top  of  the 
skull  nearly  horizontal  between  the  eyes.  The  mouth  spreads  out  widely  immedi- 
ately behind  the  symphysis.  The  lower  jaw  is  high,  and  spreads  apart  from  above 
downward.  The  inner  edge  of  the  horizontal  alveolar  surface  of  the  upper  jaw 
descends  to  a  sharp  ridge  all  around  ;  from  it  another  ridge  reaches  across  the 
surface  at  the  symphysis  to  the  vertical  surface.  The  ridge  which  fits  into  the 
furrow  of  the  lower  jaw  is  very  prominent  and  sharp;  it  is  interrupted  at  the 
front  end  only  for  a  short  distance.  The  inner  edge  of  the  alveolar  surface  of 
the  lower  jaw  rises  no  higher  at  its  front  than  at  its  hind  end,  hut  is  nearly 
horizontal,  and  nowhere  as  high  as  the  outer  alveolar  edge ;  the  ridge  thus  formed 
is  interrupted  for  only  a  very  short  distance  at  the  front  end.  In  the  horny 
sheath  of  the  alveolar  edge  and  the  inner  ridge  at  the  symphysis  there  is  a 
notch,  which  fits  over  the  opposite  ridge  of  the  upper  jaw.  The  oblong,  rounded 
plastron  is  curved  upward  at  the  ends. 
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Xehobatks  caromxi'h,  Ag>  This  species  extends  from  South  Carolina,  through 
all  the  Southern  States  as  fur  us  Texas,  in  the  southern  parts  of  which  it  is 
replaced  by  the  next  species.  Its  eggs  are  represented  PI.  7,  fig.  28  and  29.  I 
am  indebted  to  Dr.  Th.  S.  Savage  for  interesting  observations  upon  the  habits  of  this 
species.  "  The  domicile  of  the  Gopher  consists  of  an  excavation,  of  a  size  nt  the 
mouth  just  sufficient  to  admit  the  animal,  and  runs  in  an  oblique  direction  to  the 
depth  of  about  four  feet.  From  the  entrance  it  enlarges  and  expands  to  a  con- 
siderable extent,  resembling  in  its  interior  outline  a  vessel  of  globular  shape.  Being 
concealed,  it  is  sometimes  a  dangerous  cavity  to  horsemen  at  full  speed1.  It  is  in- 
habited but  by  one  pair.  When  the  dew  is  on  the  grass,  or  it  has  rained,  the 
animal  emerges  in  search  of  food,  which  it  seems  to  require  daily.  It  feeds  on 
grass  and  succulent  vegetables  of  various  kinds.  They  eat  also  the  gums  that 
exude  from  trees,  especially  the  iuspissated  sap  of  the  pine,  as  seen  often  at  the 
lower  part  of  the  stem  and  exposed  roots  of  that  tree.  This  they  will  eat  also 
in  a  state  of  confinement  Their  eggs  are  not  laid  in  their  domicile,  but  in  a 
separate  cavity  near  its  mouth.  The  habit  of  the  animal  in  oviposition,  it  is  said, 
is  to  draw  a  circle  on  the  ground  about  four  inches  in  diameter,  and  to  excavate 
within  this  to  a  depth  of  about  the  same  number  of  inches,  expanding  as  it 
proceeds,  in  a  manner  similar  to  that  adopted  in  making  its  domicile.  In  this 
are  deposited  five  white  eggs,  of  a  round  form.  The  number  being  complete, 
the  cavity  is  filled  with  earth  and  pressed  down  smoothly,  and  to  a  level  with 
the  surface,  by  the  weight  of  the  animal.  The  time  in  hatching  is  said  to  be 
between  three  and  four  weeks.  The  month  in  which  they  lay  is  June.  They 
are  long-lived,  and  attain  the  size  of  fourteen  to  eighteen  inches  across  the  cara- 
pace. To  capture  the  Gopher,  a  deep  hole  is  dug  at  the  mouth  of  their  domi- 
cile, into  which  they  full  as  they  emerge  for  food." 

Xkkobatks  berla.vdieri,  Arj.  The  young  is  represented  PI.  3,  fig.  17-19.  It 
has  a  small  yellow  dot  in  the  centre  of  the  median  and  costal  scales ;  the  mar- 
ginal scales  are  only  edged  with  yellow.  The  sternum  is  narrower  and  more 
projecting  in  front  than  that  of  X.  carolinus  ;  in  the  adult  it  is  even  forked. 
Behind  it  is  broader  and  more  turned  downward.  The  centre  of  the  scales 
remains  granular  for  a  longer  time.  The  gland  of  the  lower  jaw  is  larger  and 
more  prominent  This  species  is  smaller  than  the  preceding,  and  limited  to  south- 
ern Texas  and  Mexico.  All  the  specimens  that  I  have  seen  were  forwarded  to 
me  for  examination  by  the  Smithsonian  Institution.  They  were  collected  by  the 
late  Mr.  Berlandier,  a  zealous  French  naturalist,  to  whom  we  are  indebted  for 
much  of  what  we  know  of  the  natural  history  of  northern  Mexico. 

'  This  is  tbe  Tcstudo  Carolina  of  Litiuueus,  Testudo  Polyphemus  of  D«udin- 
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Whenever  a  type  of  the  present  period  exhibits  characteristic  features  con- 
nected with  a  circumscribed  geographical  distribution,  it  is  an  interesting  problem 
to  ascertain  whether  the  fossil  representatives  of  past  ages  found  in  the  same 
region  belong  to  the  same  type  or  not  The  existence  of  North  American  fossil 
Testudinina  during  the  Tertiary  period  having  been  ascertained  by  Dr.  Leidy  from 
the  beautiful  specimens  found  in  Nebraska,  I  became  very  anxious  to  compare 
them  with  the  living  Xerobates,  which  are  the  only  North  American  Tcstudinina. 
Professor  James  Hall,  whose  collection  of  fossils,  from  the  Mauvaises  Terres,  exceeds 
all  expectations,  has  provided  me  with  ample  means  to  make  this  comparison,  and 
I  have  satisfied  myself  that  they  do  differ  not  only  from  Xerobates,  but  even  from 
all  living  Testudinina,  in  combining  characters  which  at  present  exist  only  in  Emy- 
doids  with  those  that  are  strictly  characteristic  of  Testudinina. 

For  the  sake  of  comparison,  I  add  a  few  remarks  upon  the  other  genera 
which  I  have  been  able  to  examine. 

Chelonoidis,  Filz.  The  head  is  narrower  across  the  temporal  muscles,  and  the 
region  of  the  eyes,  nose,  and  mouth  longer,  than  in  Xerobates ;  the  top  of  the 
skull  between  the  eyes  descends  further  forward  in  this  genus.  The  lower  jaw 
is  not  as  high  as  in  Xerobates,  but  is  more  rounded  at  the  symphysis,  and  spreads 
less  backward ;  moreover,  it  does  not  here  spread  apart  from  above  downward, 
but  curves  out  for  a  little  distance  below  the  upper  edge,  and  then  turns  in  to 
the  lower  edge.  The  alveolar  surface  of  the  upper  jaw  is  raised  under  the  nose 
to  a  large,  round,  inverted  pit,  and  has  no  ridge  at  the  symphysis,  but  a  small 
one  on  each  side  of  the  pit.  The  ridge  around  the  inner  edge  of  this  surface, 
and  the  one  parallel  to  it,  are  both  small ;  the  latter  is  tubcrculated.  The  iuner 
edge  of  the  alveolar  surface  of  the  lower  jaw  rises  higher  toward  the  front  end, 
so  as  to  be,  for  some  distance,  as  high  or  higher  than  the  outer  alveolar  edge; 
this  inner  ridge  is  interrupted  by  a  broad  depression  where  the  alveolar  surface 
rises  steeper  to  fit  into  the  pit  above.  To  this  genus  belongs  the  Testudo  tabu- 
lata,  Aucf.,  of  which  1  have  been  able  to  examine  a  number  of  living  specimens, 
sent  to  me  from  Surinam  by  Mr.  C.  J.  Tiering.  A  close  comparison  with  living 
specimens  of  Xerobates  carolinus  shows  them  to  be  entirely  different,  even  gencr- 
ically,  although  Schlegel  considers  them  as  identical.1 

Meoalochelv8,  Fitz.  This  type  is  closely  allied  to  Chelonoidis ;  but  I  have  exam- 
ined too  few  specimens  to  be  able  to  determine  whether  it  is  a  distinct  genus 
or  not.  There  are  some  characters  which  seem  to  indicate  that  it  is  distinct  ; 
for  example,  the  inner  furrow  along  the  alveolar  surface  of  the  upper  jaw  con- 
tinues deep   to   its   front  end,  whereas   in   Chelonoidis  it   vanishes  forward ;  the 

1  Tcrom.  and  Schl.  Fauna  japon.  p.  70. 
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ridge  on  the  same  surface  which  fits  into  the  furrow  of  the  lower  jaw  is  sharper 
and  more  prominent  than  in  Chelonoidis,  and  is  not  tuhcrculafced.  To  this  genus 
belongs  the  large  Galapago  Turtle,  Testudo  indica,  a  living  specimen  of  which 
was  sent  to  me  by  Mr.  Patrick  II.  Frey,  of  New  York. 

The  genera  above  described  may  be  readily  distinguished  from  Tcstudo  gnvca, 
which  is  the  type  of  the  genus  Testudo  proper.  In  the  latter,  the  outer  furrow 
Of  the  alveolar  surface  of  the  upper  jaw  passes  round  the  front  end  without  inter- 
ruption, and  with  little  change  in  width  ;  the  ridge  which  fits  into  the  furrow 
of  the  lower  jaw  is  very  short,  being  interrupted  by  a  long  space  in  front  ;  the 
inner  edge  of  this  surface  descends  only  for  a  short  distance  from  the  hind  end 
forward.  In  the  alveolar  surface  of  the  lower  jaw  the  furrow  and  inner  ridge 
arc  very  short,  and  the  long,  steep  surface  in  front  of  them  turns  around  the 
end  with  a  broad  curve.  Ciikrsis,  Waff/.,  is  at  once  distinguished  by  the  mova- 
bility  of  the  posterior  lobe  of  the  sternum,  but  differs  also  in  the  scales  of  the 
legs.  It  is  founded  on  Testudo  marginata.  Psammouatks,  Fit:.,  is  well  characterized 
by  the  small  scales  which  uniformly  cover  the  four  plantigrade  feet.  To  it  belong 
the  well-known  Testudo  radiata. 


SECTION  X. 

CHELONIAN"  FAl'N.K  OK  NORTH  AMERICA. 

The  more  minutely  the  geographical  distribution  of  animals  is  investigated,  the 
more  do  regularity  and  order  appear  to  exist  among  them  in  this  respect;  so 
much  so,  that  I  strongly  entertain  the  hope  that  naturalists  may  one  day  read 
the  design  which  has  presided  over  this  arrangement.  Owing  to  the  extensive 
contributions  I  have  received  for  my  investigations  from  every  quarter  of  the 
country,  and  particularly  from  the  collections  of  the  Smithsonian  Institution,  which 
contain  specimens  from  the  least  explored  parts  of  the  continent,  I  have  been 
able  to  trace  the  natural  boundaries  of  all  our  Testudinata  with  a  much  greater 
degree  of  accuracy  than  has  hitherto  been  done.  The  long  lists  of  localities  from 
which  I  have  seen  specimens  of  the  different  species  enumerated  in  the  preceding 
sections,  and  the  names  of  the  observers  to  whom  I  am  indebted  for  them,  will, 
I  trust,  afford  a  satisfactory  guarantee  for  the  accuracy  of  the  generalizations  derived 
from  their  study. 

The  most  striking  result  of  these  comparisons  is  the  certainty  thus  acquired, 
that,  while  certain  genera  and  species  have  a  very  wide  range,  others  are  circum- 
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scribed  within  as  narrow  limits  as  any  other  type  of  animals.  It  has  already  been 
stated,  (p.  301,)  that  there  is  a  great  difference  between  the  geographical  distribution 
of  the  Sea  Turtles  and  that  of  the  fluviatile  and  terrestrial  species  of  this  order. 
There  are,  in  fact,  only  two  marine  Faume  of  Tcstudinata, —  that  of  the  Atlantic 
Ocean,  and  that  of  the  Pacific,  including  the  Indian  Ocean;  and  between  the  two 
there  exist  only  specific  differences  between  their  representatives,  the  genera  are 
the  same.  In  the  Atlantic  Fauna1  we  have  four  species  along  the  American  coasts : 
Sphargis  coriacea,  Thalassoehelys  Caouana,  Chelonia  Mydas,  and  Eretinochelys  tnihri- 
cata;  while  in  the  Pacific  Fauna  only  one  species,  the  Chelonia  virgata,  has  thus 
far  been  noticed  along  the  western  coast  of  America 

Among  the  fresh-water  species  there  are  two,  Chelydra  serpentina  and  Ozothcca 
odorata,  which  extend  nearly  over  the  whole  range  occupied  by  Testudinata,  cast 
of  the  Bocky  Mountains.  Thyrostemuin  pennsylvanicutn  is  also  very  widely  dis- 
tributed ;  and  so  is  Malacocleminys  palustris ;  but  this  last  occurs  only  in  salt-marshes 
along  the  sea-shores  from  New  York  to  Central  America.  All  the  other  species 
have  a  more  or  less  circumscribed  home;  so  that  the  whole  country  may  be  divided 
into  a  number  of  very  natural  Chckmian  Fauna),  according  to  their  distribution. 

1st.  The  Xorfh-eastern  Fauna.  It  extends  as  far  north  and  cast  as  Turtles  occur, 
that  is,  through  parts  of  Nova  Scotia,  New  Brunswick,  and  Canada  West,  a  little 
beyond  the  forty-fifth  isotherm.  Westward  it  reaches  Lake  Erie,  and  southward 
North  Carolina,  extending  along  the  Alleghanies  even  as  far  south  as  Georgia.  Its 
boundaries  coincide  with  those  of  Chryscmys  picta  It  is  chiefly  characterized  by 
Clemmydoida*,  three  distinct  genera  of  which  occur  within  its  area:  Nanemys 
guttata,  which,  like  Ch.  picta,  ranges  through  its  whole  extent,  with  the  exception 
only  of  its  most  north-eastern  parts;  Glyptemys  insculpta,  which  is  found  from  the 
most  northern  to  the  middle  regions  of  the  Fauna;  and  Calemys  Middenbergii,  which 
occurs  only  in  the  middle  region.  Ptychemys  rugosa  is  characteristic  of  the  borders 
of  the  Chesapeake  Bay.  Cistudo  virginea  is  found  everywhere,  but  sparingly  in 
the  northern  range;  while  it  extends  very  far  westward  and  south  ward,  where  it  is 
most  common.  Chelydra  seqientina  and  Ozothcca  odorata  also  occur  everywhere, 
while  Thyrosteruum  pennsylvanicum  begins  to  appear  in  its  middle  tracts  only. 
Along  the  sea-shores,  Malacoclemmys  palustris  begins  also  in  the  middle  region  of 
the  Fauna;  but  it  is  nowhere  found  in  the  interior,  far  from  salt  water.  Emys 
Melcagris,  which  is  characteristic  of  the  north-western  Fauna,  is  rare  here,  and  so 
also  is  Graptemys  geographica.  On  the  western  borders  of  this  Fauna,  Aspidonectes 
spinifer  begins  to  make  its  appearance ;  but  there  is  no  trace  anywhere  of  the 
family  of  Testudinina 

2d.  The  Wcaieni  Fauna.  This  Fauna  extends  westward  from  the  western  parts 
of  Pennsylvania  to  the  arid  plains  at  the  foot  of  the  eastern  slope  of  the  Bocky 
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Mountains,  beyond  which  Turtles  do  not  occur.  Its  northern  limit  is  as  high  as 
the  junction  of  the  Yellowstone  and  the  Missouri,  hut  does  not  touch  the  shores 
of  Lake  Superior.  Its  southern  limits  extend  to  Tennessee,  Arkansas,  and  Kansas. 
The  most  characteristic  species  of  this  Fauna  are  Amyda  mutica,  Aspidoneetes  spinifer 
and  nuchalis,  Chryscmys  marginata,  Bellii  and  Nuttalii  (orcgonensis),  Graptemys  geo- 
graphica  and  LeSucurii,  Trachemys  Troostii  and  elegans,  and  Emys  Meleagris.  Ch. 
marginata  is  limited  to  the  region  of  the  lakes ;  but  Ch.  Bellii  extends  to  the  junc- 
tion of  the  Missouri  and  Mississippi,  while  Ch.  Nuttalii  extends  to  the  Upper  Missouri. 
Strange  to  say,  Aspidoneetes  spinifer  is  among  the  species  found  furthest  to  the 
north;  bat  Asp.  nuchalis  takes  its  place  in  Tennessee.  Emys  Meleagris  is  most 
common  in  the  region  of  the  great  lakes.  Cistudo  virginea  extends  as  far  west 
as  the  great  lakes,  and  is  replaced  by  Cistudo  ornata  further  west  and  north. 
Chelydra  serpentina  and  Ozotheca  odorata  range  as  far  west  as  any  other  Testudi- 
nata,  though  the  latter  does  not  extend  so  far  in  a  north-westerly  direction  as 
Chelydra;  this  is  also  the  case  with  Thyrosternum  pennsylvanicum.  Ozotheca 
tristycha  and  Ptychemys  hieroglyphica  occur  in  the  more  southern  parts.  There 
is  something  extraordinary  in  the  distribution  of  Trachemys  elegans,  as  it  ranges 
from  the  upper  Missouri  to  the  lower  Rio  Grande,  while  Trachemys  Troostii  occupies 
only  the  middle  and  more  southern  parts  of  the  western  Fauna.  Graptemys  Le- 
Sueurii is  also  found  in  a  north-southerly  direction,  while  Gr.  geographies  extends 
from  east  to  west  in  the  more  northern  parts.  The  Testudinina  are  as  completely 
foreign  to  this  Fauna  as  to  the  north-eastern. 

3d.  The  Sovihcrn  Fauna.  Its  boundaries  are  easily  traced.  Beginning  on  the 
Atlantic  coast  in  the  southern  parts  of  North  Carolina,  it  extends  through  South 
Carolina,  Georgia,  Florida,  Alabama,  Mississippi,  Arkansas,  Louisiana,  and  northern 
Texas.  These  limits  coincide  with  the  range  of  Ptychemys  concinna  and  of  Deiro- 
chelys  reticulata,  and  nearly  also  with  that  of  Platypeltis  ferox  and  Xerobates 
carolinus,  only  that  the  two  latter  do  not  extend  to  North  Carolina;  Platypeltis 
ferox  does  not  even  extend  beyond  Georgia.  However,  the  most  striking  types 
of  this  Fauna  are  Xerobates  carolinus  and  Gypochelys  lacertina.  Besides  Platypeltis, 
another  Trionychid,  Aspidoneetes  asper,  occurs  in  this  latitude,  but  only  in  the  more 
westerly  part  of  the  Fauna,  within  which  Goniochelys  triquetra  and  Chrysemys 
dorsalis  are  also  limited ;  whilst  Trachemys  seabra  is  only  found  on  the  Atlantic- 
side  of  Georgia  and  in  the  Carolina.  Ptychemys  mobiliensis  occurs  only  in  the 
States  bordering  on  the  Gulf  of  Mexico.  Ozotheca  odorata  and  Thyrosternum 
pennsylvanicum  belong  also  to  the  southern  Fauna  ;  and  so  does  Chelydra  serpentina, 
unless  the  southern  Chelydra  be  a  distinct  species.  (Comp.  p.  417,  note  2.)  The 
same  may  be  said  of  Cistudo  virginea,  unless  C.  triunguis  and  major  are  also  distinct 
species.     Malacoclemmys  palustris  is  found  everywhere  along  the  sea-coast. 
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4th.    The  Mexican  Fauna.    I  have  to  mention  this  Fauna  on  account  of  its  exten- 


nata  found  along  the  Hio  Grande,  the  most  remarkable  are  Xerobates  Hcrlandieri 
an<l  Aspidoneetes  Emoryi.  Platythyra  flavescens  extends  further  north,  even  as  far 
as  Arkansas  while  Thyrosternum  sonoriense  occurs  further  west,  in  Sonora.  The 
Turtles  of  Cuba,  as  far  lis  I  know  them,  differ  specifically  from  those  of  this  and 


5th.  The  QtUfornutn  Fauna  has  a  wide  range  from  north  to  south,  beginning 
at  the  straits  of  Juan  dc  Fuca  and  extending  to  the  Gulf  of  California,  and  yet  over  % 
this  whole  extent  of  country  only  a  single  Turtle  is  found,  Actinemys  marinorata; 
for  it  is  not  true,  that  the  Gidapago  Turtle  occurs  also  in  California  in  a  wild 
state;  and  the  existence  of  a  distinct  species  of  Cinosternum  on  that  side  of  our 
continent  appears  very  doubtful  to  me.    (Comp.  p.  429.) 

There  is  a  very  striking  resemblance  with  what  obtains  in  Europe  in  this 
scarcity  of  Testudinata  in  California,  contrasted  with  their  extraordinary  diversity 
and  great  number  on  the  eastern  side  of  the  continent.  This,  again,  recalls  their 
profusion  in  eastern  Asia ;  so  that,  even  with  reference  to  the  special  geographical 
distribution  of  the  Testudinata,  the  great  laws  that  obtain  with  regard  to  the  simi- 
larity and  differences  of  the  continents  are  fully  confirmed. 

After  what  has  just  been  stated,  it  is  hardly  necessary  to  call  especial  atten- 
tion to  the  fact,  that,  upon  a  map  representing  the  geographical  distribution  of 
the  Testudinata  in  North  America,  the  whole  table-land  between  the  Sierra  Nevada 
of  California  and  the  Rocky  Mountains,  as  well  as  the  eastern  slope  of  the  latter, 
down  to  the  Great  American  Desert,  would  be  left  entirely  blank,  not  a  single 
species  of  Turtles  extending  over  any  part  of  this  extensive  tract  of  land.  It  would 
be  a  mistake,  however,  to  infer,  from  this  fact,  that  these  animals  are  excluded  from 
mountainous  regious.  Jn  the  range  of  the  Alleghanies  there  are  many  species,  which 
ascend  U>  the  height  of  several  thousand  feet,  and  among  those  that  reach  the 
greatest  heights  are  Cistudo  virginea,  Chclydra  serpentina,  and  a  species  of  Aspidn- 
nectes,  probably  Asp.  nuchalis  (comp.  p.  40C);  but  1  regret  that  I  am  unable  to 
give  the  absolute  height  with  any  degree  of  accuracy. 


sion  into  the  boundaries  of  the  United  States. 


Among  its  characteristic  Testudi- 


the  preceding  Fauna. 
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